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Preface 
The following report identifies isolants  f romthe  s o i l s  of the  
Chj2.e-Atacama Desert. 
Designationsf1 and a l'Dichotomous Key" for a l l  the  isolants. Descrip- 
t i v e  Charts and Tables of Reactions f o r  the viable bacterial  i s s l an t s  
a r e  included and followed by photomicrographs of the nonviable cultures. 
Because of the presence of organisms generally identified as tlscLL 
diphtheroids", some of the aspects of t h e i r  c lass i f icat ion a re  pre- 
sented, 
The report includes a " L i s t  of the Species 
Yeast and mold isolant s were disregarded. 
Species ident i f icat ion of the actinorqycete isolants  were presented 
i n  the reports, Systematic Descri-Dtion and StreDtowces Isolants  
from Chile, Hexico and Arizona Desert Soils, August 1968, and Svstematic 
Description 
Antarctic Desert Soils, February 1969, by Professor X.B. Bollen and 
Sumie Nishikawa. The Nocardia species, which are incl-ded with the 
classi f icat ion of actinomyces, are presented here with the eubacteria 
because of t h e i r  inclusion i n  the "soi l  diphtheroidsf1. 
Key to Stre-Dtowces Isolants  from Chile, Arizona a& 
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IN 'PRODUG TION 
The use of the  term nsoi l  roids" was first used 
and &ore (1949) t o  describe a 
They emphasized the  unicellularkty o r  multicellulari,ty of the bacterial 
f unicellular 
species and suggested the genus name of Jensenia t o  represent the uni- 
ce l lu la r  organisms with occasional branching o r  formt ion  of an early 
unstable mycelium. They considered the genera Comebacterium, Pbco- 
bacterium, and Nocardia t o  be multicellular. Their "confusing'' defini- 
t i on  of Jensenia was not c la r i f ied  with any references t o  e a r l i e r  work- 
ers nor any comparisons with isolants  f r o m  other laboratores. 
recently various workers have established Bisset and &ore's Jensenia 
as the  same as a Nocardia sp. 
b r e  
1 
Our frequent references t o  the  I t s o i l  diphtheroidsf1 has been a des- 
ignation of convenience due t o  the existing contmversial  and -de- 
quately delineated classif icat ion schemes f o r  these pleomoqMc soil 
organisms. 
crlbe the aerobic, Gram-positive, nonsporeforming rods, that are irreg- 
The designation l lsoil  diphtheroidsf1 has been used t o  des- 
ularly shaped c e l l s  varying from long, club- o r  wedge-shaped rods, which 
m y  exhibit branching (sometimes approaching small mycelia), t o  short 
almost coccoid elements. The rods a re  often arranged i n  angular form- 
2 
at ions and parallel bundles of cells. 
these soil organisms i n  various genera such as Comnebacterium, @rco- 
bacterium, Nocardia (Proactinonrvces) , Arthrobacter, 5revibacteriuni, 
Cellulomonas, I4icro'bacterium, and f&cococcus. To i l l u s t r a t e  the ambi- 
guity i n  cl2ssifying these lfsoiJ. diphtheroidslf, s t r a i n s  belonging t o  the  
I@cobacterium rhodoclimus species have been placed i n  eleven different 
genera by different investigators (Gordon, 1966). 
Through the past 50 years these genera have been variously placed 
An example of the controversy i n  
the closely related coryne- 
Previous workers have classif ied 
i n  different c lass i f icat ion schemes. 
c lass i f icat ion i s  shom by the following: 
bacteria and tqycobacteria were originally included i n  t h e  actinomycetes 
by Jensen (1931); Stanier and vanNiel (1941) thought they should be ex- 
cluded; then i n  1943, 'daksman and Henrici included Kvcobacterium with 
the  actinomycetes and not the  Corynebacterium, The latter si tuation i s  
t h e i r  present position i n  Serpey's Iji3nual of Determinative Bacterioloax 
(Breed, et. aJ., 1957). Recent analyses by Cummins (1962) of the cel l -  
w a l l  compositions and antigenic cross-agglutination reactions of C o m e -  
bacterium, bcobacterium, and Nocardia have shown the same characteds- 
t i c  cel l -wal l  composition i n  each genera, 
the earlier workers i n  t h e i r  groupings of the  genera together. 
This collaborates many of 
Various phylogenic schemes have been proposed showing the relation- 
ships of the l t so i l  diphtheroidstf t o  the actinomycetes and eubacteria, 
Because of the t ransi t ional  relationships from the StreDtowces through 
the  Nocardia t o  the corynebacteria and mycobacteria and because of the 
occurrence of these organisms i n  the Chile-Atacama Desert soils,  some 
of the  characterist ics and relationships of the Nocardia are discussed 
here (the other types of s o i l  diphtheroids w i l l  be discussed i n  a later 
report ) . 
3 
Nocardia 
The first recorded observation of actinomycetes w a s  by Cohn (1875) 
i n  which he described and i l lus t ra ted  fragmentation and branching. The 
varying designations and opinions of the earlier workers on the classi-  
f icat ion of these organisms makes reviewing of the earlier literature 
diff icul t .  
(1959, 1961, 1967). The ea r l i e r  workers emphasized s t ructural  charac- 
t e r i s t i c s  i n  classifying Nocardia; consequently, separation of various 
species i s  based primarily on these morphological considerations. 
type of separation causes d i f f icu l ty  because l i t t l e  work has been done 
on the s t ructural  differences commonly observed i n  otherwise similar 
s t ra ins  of Nocardia. 
Previous classi f icat ion schemes a re  reviewed by Waksman 
T h i s  
Nocardia are t ransi t ional  microorganisms between the streptomycetes 
on one hand and the nprcobacteria and corynebacteria on the other. 
separation of the Nocardia f r o m  i t s  neighboring genera is di f f icu l t  
because the dis t inct ive characters a r e  shared by each genus. 
acterization of a species becomes more quantitative rather thazl. quali- 
t a t i ve  i n  nature and those questionable o r  "borderlineH s t ra ins  becom 
an arbi t rary placement. 
The 
The char- 
Sewration of Nocardia from StreDtowcetes. The morphological 
separation of Nocardia f r o m  StreDtomces is based upon the fragmenting 
mycelium of Nocardia and nonfragmenting mycelium of Streptornvces . 
Streutomces produce spore-like structures on aerial hyphae whereas i n  
Nocardia the aerial hyphae do not differ f r o m  the  vegetative mycelium. 
I n  some cases these characters overlap: 
lose  t h e i r  a b i l i t y  t o  form aerial hyphae and Nocardia which form various 
degrees of an ae r i a l  hyphae. Nocardia reproduce by fragmentation of the 
mycelium and not by conidia (Adam and McClung, 1962~).  
there are Streptomvces which 
4 
Further separation among the  two genera can be exhibited i n  t h e i r  
b s t  Streotomces hydrolyze starch and casein, biochemical properties. 
liquefy gelatin and produce diffusible pigments whereas most Nocardia 
do not (Jones and Bradley, 1964). 
tha t  in milk t he  oxidation-reduction potential of Strerhomvces was low- 
ered (Eh 0 t o  -200millivolts) whereas the nocardial and mycobacterial 
potential  was high (Eh 50 t o  180mV) l i k e  the uninoculated m e d i u m  (Eh 
l5OmV). 
b io t ics  and found of those drugs tested only one, endomycin, s ign i f i -  
cantly differentiated these organisms: nocardia were inhibited by 5- 
25pg/ml. and mycobacteria and streptomycetes were resistant t o  25Opg/ml 
Jones and Bradley (1964) observed 
They also tes ted the susceptibil i ty of actinomycetes t o  an t i -  
Another cr i ter ion f o r  distinguishing between StreDtomvces and r;O- 
cardia i s  the chemical composition of t h e i r  c e l l  walls. Nocardial cell 
w a l l s  contain arabinose, whereas those of Streptomvces do not contain a 
characterist ic sugar (Cumins and Harris, 1958; Romano and SoNer,  1956). 
I n  Nocardia DL-diaminopirnelPc acid i s  found whereas i n  Streptomyces LL- 
diaminopimelic acid i s  found (Roare and York, 1957). Tetrfik and Bradley, 
(1967) studying t h e  deoGribonucleic acids from Streptonyces and tiocarcl- 
&found the  GNA of Streptomyces t o  contain bet,mree.r, 69 and 732 G + C. 
The DNA of the Nocai.d.ia formed two groups, 62-64? ii -t- C and 68-69; G + 2. 
Sewration of Nocardia P&vcoSact.eria a i  Conmebacteria The 
separation of Nocardia from the mycobacteria and corpebacteria i s  dif  - 
f i c u l t  because the  distinguishing characters a r e  shared by each genus 
and there a r e  more s i d a r i t i e s  than diss imilar i t ies .  
separation i s  based upon the format-ion of an i n i t i a l  rzycelium i n  the 
Noqardia and i t s  absence i n  Xycobacterium and Cownebcteriwn. Over- 
lapping occurs and i n i t i a l  qyceliux i n  Xocardia nay be S-WU and tran- 
sient whereas some mycobacteria and corynebacteria produce a rudinienta- 
The morphological 
4 mycelium. Presence of s d  
a1 hyphae have been observed i n  
granules resembling beginnings of aeri- 
mycobacteria and corynebacteria (Jensen, 
19%; Lacey, 1955). All three genera exhibit multiple fragmentation 
(Bisset, 1949; Adams and McClung, 196%). Also, llspore-like bodies" 
t h a t  germinate i n  f resh media with one o r  more slender sprouts a re  
found i n  each genera. 
The Nvcobacterium are  generally considered t o  be acid-fast, the 
Nocardia par t idl ly  acid-fast, and the Comnebacterium nonacid-fast, 
There a re  reports of acid-fastness i n  the Comnebacterium (Jensen, 19%). 
Acid-fastness is variable and often not demonstrable i n  Wcobacterium. 
Acid-fastness of a culture is not a rel iable  character because it de- 
pends upon the length of t h e  since isolation a s  w e l l  a s  composition of 
the medium, temperature of incubation and age of the culture (McClung 
and Uesaka, 1960). Metachromtic granules, commonly used t o  character- 
i z e  Comnebacterium, have been demonstrated i n  Nocardia (PkClung, 1950; 
Adams and &Clung, 1962b). 
Separation of these genera on biochemical bases is also m4fst inc-  
t ive.  
nonacid-fast and have less refractive ce l l s .  
more fermentative metabolism, lack ab i l i t y  t o  u t i l i z e  paraffin, and 
frequently possess d ias ta t ic  and proteolytic enzymes. 
of nocardia a re  similar t o  qycobacteria, 
r e f r ac t i l e  ce l l s .  They u t i l i ze  paraffin and other carbon compounds, 
have an oxidative metabolism, and lack d ias ta t ic  and proteolytic en- 
zymes. They also render milk par t ly  transparent without digestion of 
the casein (Jensen, 1953). The pigments of the acid-fast, nonproteo- 
l y t i c ,  oxidative nocardia are orange or red; whereas, t.he nonacid-fast, 
proteolytic, fermentative nocardia a re  yellow, greenish, o r  non-pig- 
One group of nocardia are  similar t o  corynebacteria. They are  
They possess a generally 
The other group 
They are  acid-fast and have 
6 
mented (Krasil'nikov, 1938a). 
As mentioned before, studies on the chemical composition of the 
c e l l  walls and serological reactions of Nocardia, &cobacterium and 
Comnebacterium support, the similari ty of these genera (Cummins, 1962; 
Slack, Winger and b o r e ,  1961). Separation may be made on basis  of 
different infrared spectra of whole cells (Arai, Kuroda, and Koyama, 
1963). 
i n  l i p i d  content of these organisms. 
defined on the basis of i t s  characterist ic branched fat ty  acids, 
The difference i n  spectra a re  a reflection of the differences 
The genus Mvcobacterium my be 
As- 
selineau (1962) repor':s $?et characterist ic l i p i d s  %.re fl.wtd i n  myco - 
bacteria with about 80 carbon skeletons (mycolic acids),  i n  nocardia 
with about 50 carbon skeletons (nocardic acids),  
with about 32 carbon skeletons (corynoqycolic acids). Laneelle, &, &. 
(1965) found mycolic acids different  from nocardic acids. &ycolic acids 
can be extracted with chloroform whereas nocardic acids cannot. Pyrol- 
ys i s  of mycolic acids liberates tetracosanoic acid o r  hexacosanoic acid, 
and i n  corynebacteria 
/ 
whereas pyrolysis of nocardic acid l iberates  palmitic o r  s tear ic  acids. 
b n g e l l e  a lso indicates nocardia have few waxes (chloroform-soluble 
l i p ids )  and mycobacteria have many. 
Wayne and Gross (1968) studied the deoxyribonucleic acid base 
composition of mycobacteria and nocardia. 
genera could not be separated on basis of DNA base composition. 
They reported tha t  the two 
The preceding gives an indication of the d i f f i cu l t i e s  i n  separating 
Nocardia from its neighboring genera and i l l u s t r a t e s  i ts  t ransi t ional  
nature. 
workers have divided the  group in to  parts based on different properties: 
acid-fastness vs, nonacid-fastness, stable mycelium vs , unstable myce- 
lium, proteolytic vs. nonproteolytic, ae r i a l  mycelium vs. no aerial 
To further i l l u s t r a t e  the  variances among the nocardia various 
7 
mycelium, 
into groups do not coincide with each other; g..g., there are acid-fast 
nocardia with s table  mycelium and acid-fast nocardia with unstable 
mycelium. 
Unfortunately the properties used t o  divide the  nocardia 
General Definition of Nocardia. The general definit ion of Nocard- 
- i a  distinguishes them morphologically by indicating t h e i r  early forma- 
t i on  of a transient nonseptate mycelium. 
breaks in to  short, irregular cylindrical ce l l s ,  Upon fur ther  aging the 
short cylindrical c e l l s  become small coccoid elements (see nigrosin- 
Upon aging t h i s  mycelium 
s t a in  photomicrographs f o r  isolant number 24%-2 of t h i s  report). 
Swollen cells which form "germ-tubes" upon t ransfer  t o  fresh medium are 
produced. 
may be smooth o r  rough ar,d much folded. 
may be sof t  and dough-like o r  compact and leathery. 
tha t  a r e  usually indistinguishable from the  substrate mycelium my be 
formed. 
The external structure and appearance of Nocardia colonic:> 
The consistency of the  colonies 
Also, a e r i a l  hyphae 
The extent of i n i t i a l  wcelium formation varies within the  nocard- 
Variation occws from a s t r a in  forming an extensive mycelium, no ia.  
fragmentation, and contorted and overlapping branches t o  one forming 
rudimentary lnycelium, early fragmentation, and sparse branching. The 
rudimentary mycelium m y  also be described as elongated i r regular  rods 
with a rew short lateral branches. 
nmycelium" be defined as a branched hyphae a t  least 10 microns long, 
Branches are simple lateral protuberances from a hyphae. 
McClung (1949) suggested the term 
Fragmentation is another phenomenon found i n  nocardia. The term 
describes a process of c e l l  division i n  surface o r  sub-surface myce- 
l i u m .  the  It occurs as a result of septation before cell  division; 
result is the breaking up of myceliuminto small rods o r  coccoid ce l l s  
8 
(Adams and McClung, 196%). 
mentation occurring i n  nocardia: 
mation before division of a n  acute angle i n  the hyphae a t  the appex of 
the  bend. After division, the ends of the two new c e l l s  grow out par- 
a l l e l  t o  each other (they rarely cross). I n  V'ype 2" fragmentation 
division occurs i n  a straight o r  s l ight ly  curved portion of a hypha, 
then t h e  newly formed ends bend s l ight ly  away from each other and con- 
tinue t o  grow. 
hypha occurs near o r  a t  the juncture of a branch. 
formed c e l l  bends s l ight ly  and continues t o  grow. 
sion of the parent hypha a new branch may grow. 
McClung (1949) reports three types of frag- 
!'Type 1" i s  distinguished by the for-  
I n  '*Type 3" fragmentation, the division of the  parent 
The end of the newly 
A t  the place of divi-  
Qycelium development i n  the flextensive-rqyceliumlt group i s  mre 
stable and resembles Streptowces-like mycelium. 
ment i n  the tfrudimenLary-mycelium" group i s  unstable and resentbles 
corynebacteria and mycobacteria. 
the period of growth before fragmentation, the greater the amunt of 
mycelium present. Using permanency of the mycelium a s  t h e  basis, he 
established three groups i n  Nocardia: 
The mycelium develop- 
14cClung { 1949) found tha t  the longer 
ItGroup It! i s  characterized by very early fragmentation, sparse 
branching, and limited mycelial development. 
CUT i n  old material. 
sometimes mucoid. The pigments are intracel lular  and insoluble. "Type 
1" fragmentation i s  characterist ic of this group and similar t o  c e l l  
division i n  corynebacteria. 
Y ~ n y  coccoid elements oc- 
The texture of the colonies i s  sof t ,  pasty, and 
ftGroup I T f t  i s  characterized by a delayed fragmentation, extensive 
qycelial development, and straight branches which do not overlap. 
mentation is '"I'ype 3". The colonial texture i s  sof t  and pasty. 
pigment is in t race l lu la r  and insoluble. 
Frag- 
The 
9 
nGroup I I I * I  is characterized by the  absence of fragmentation and 
presence of profusely produced overlapping and contorted branches. 
colonies are e i ther  warcg (can be separated into flakes by a needle) o r  
The 
cartilaginous (cannot be separated by the needle). 
in t race l lu la r  and soluble pigments are produced. 
I n  general both 
Fragmentation It?rgpe 1" is characterist ic of llGroup Iff, "Type 3n is 
characterist ic of "Group IIn, and Vy-pe 2" occurs i n  both groups. 
flGroup 111" has no fragmentation. 
Adams and Mcclung ( IgOO,, 1961, 1962a) have studied the develop- 
mental cycle of Nocardia, They found that a l l  cel l  fragments (bacil- 
lary, ovoid, o r  coccoid) of the inoculum begin growth by formation of 
germ tubes. 
result. 
1. Simple branch f o m t i o n  from the filamentous germ tubes, 2. Branch 
formation as a resu l t  of multiple germination of the cells (more germ 
tubes produced from original c e l l ) ,  and 3. 
ination of fragments of incompletely separated chains. 
branching phase is completed, fragmentation occurs. With increased age 
of the culture, mre septa are deposited and the  result ing filament 
fragments become shorter until the completion of the cycle. 
t h e  fragments may Ifround upf1 and form resis tant  c e l l s  called mierocysts. 
Upon continued growth of the  germ tubes filamentous c e l l s  
The next phase, branching, i s  a result of three processes: 
Single o r  multiple germ- 
After the 
Some of 
The presence of nuclei and life-cycles i n  nocardia i s  s t i l l  un- 
decided (McClung, 1962) I n  addition t o  metachromatic granules, l i p i d  
inclusions have been observed i n  nocardia (McClung, 1962) 
present i n  nocardia and is  thoroughly discussed by Jensen (1953). 
Y D t i l i t y  i s  
Nocardia of Chile-Atacama Desert, The organisms classified a s  
Nocardia i n  t h i s  report are of the  sof t  bacterial  type, 
not acid-fast nor very refractile. 
The cells a re  
Their metabolism is fermentative, 
10 
they do not u t i l i ze  paraffin, but they hsdrplyw starch and gelatin, 
Although, the biochemical reactions are the  same far a l l  sik, they d i f -  
fer  i n  cul tural  appearances and mycelium formation. 
Cultures 2452-1 and 245a-2 d i f f e r  f r o m  each other i n  color; 245a-2 
is a very bright yellow, whereas 2Lb5a-1 i s  a very l i gh t  yellow, This 
phenomenon is probably due t o  dissociation. 
from the other four Hocardia spp. i n  t ha t  they form a more extensive 
myceli-m. 
245a-2 and i n  the photomicrographs of colony morphology f o r  Z’tja-? and 
245a-2. 
entire.  
These two cu2:ures differ  
The rqycelium is demons.trate<I i n  the photomicrographs for 
The  colon^ rr~a.rg;Fns of 2?%-1, 274b-2, 275a-1, and 27% are  
Isolants  274b-1 and 274b-2 are different only in the topography u l  
274.b-2 i s  mq!i and wrinkled whereas 27k4?-: I s  smooth. :heir colonies. 
This also w a s  probably a result of dissociation. 
pears the s a @  as 27hb-2. 
Isolant 275a-1 a p  
kalant ,  275b is l igh ter  in color than the other isolants except 
It i s  interesting t o  note that 275b and 24.fja-1 have a very 24%-1. 
l i g h t  yellow pignient but d i f f e r  i n  the  extent of mycelium development. 
Isolants  245a-2, 274b-1, 2714b-3, and ;!75a-l all have the same bright 
yellow pigment production. The topography of the colonies of 243-2 and 
274b-1 were both smoth; they differ o d y  i n  exbent of qycelium develop- 
ment. 
Studies of the fragmentation and developmental cycles oZ these 
s?ecies have not bw;t aa.:ie, but developing c e l l s  (photomicrograph f o r  
274b-2) and shortening of ce’lls upon increasing age (photomicrographs 
for ZTrs, 27%-1, and 243-2) can be seen, 
m - - c e ~ ,  W c O  bacteriugl, &rthrobac t o r  %& lbsL!&a 
A discussion of the placement of isolants 274a xith the ~ c o c o c c u s  
(Krasilfnikov, 1938b), 21c8b, 248Aa-1 and 2Wa-2 with the e c o  bacterium 
(Jensen, 1934; Hrasilfnikov, 1938c, 1941) and 24mb with the Arthro- 
bacter w i l l  be included i n  a later report. 
The Bacillus spp. are again classified using the dichotonrous key 
of  Smith, Goxkion and Clark (1952) and Berries's Manual of Determinative 
Bacterialom (Breed, 1957). 
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U s  02 ISOLANTS AND SPECIES DESIGNATIONS 
Code Species 
M unibe r Designations Page 
- Van -- Delden's Ked iun!  m: 
245a-1 Nocardia sp. 25 
245a-2 Nocardia sp. 23 
248b Nvcobacterium sp. 35 
'275a-1 Hocardia sp. 27 
275a -2 Bacilf us firmus-. 59 
276a Actinoicycete (#36. StreDtomvces albus) , 
277a-1 Bacillus badi us.. 55 
2772-2 Bacillus. ~ s _ u l a g s .  53 
- Van Delden'p Kedium from Rovd's - D N e d i .  W-ZOdl: 
248a Bacillus pumilus , 51 
274a ~"Ncococcus~ gar)sulatus. 43 
274b -1 Xocardia sp. 31 
27bb -2 Nocardia. sp, 23 
27% Bacillus firmus. 57 
27% Nocardia sp. 33 
Nitrate L#24): 
*245ka ( S o i l  Giphtheroid) , 61 
245Bb 
245Bc Actinomycete (#24. No Growth). 
Actinomyce-te ( 423. Stre-r,tonxces prioeoviridis)  . 
*245Be (Soil Diphtheroid). 61 
*Fail to grow upon or ig ina l  transfer, 
24- 
246W 
246Ae 
Actinomycete (#a. srer> t o m e s  caelestis) 
Actinuwcete (#29. Stratoomces caelestis)  
Actinomycete (#26. Strerhoarp cas lavendula e). 
246Af Actinomgrccste (427. StreDtomeg s d s u u d .  
247Bb Arthmbacter sp, 
247Bc Actinomycete (131 StreDtoaasces tendae) , 
41 
247Ad 
248Aa 
Actinomycete (930. No Growth) . 
Actinomycete (#32. StreDtomvces w s m r u b e r )  . 
*248Ab (Soil Diphtheroid). 61 
j 2MAc Mold. 
249Aa 
249Ab Actinomycete (#%. No Growth). 
SteDhanson'g 4 Medium _($25): 
24% 
246Aa 
Actinoqycete (#33, Streptomyces antibioticus) . 
Actinomycete (#22. Stre~tomvces netro.os5-s) 
Actinomycete (#25 No Growth) 
*246b (Soil Diphtheroid). 
24BAa-1 Nvcobacterium sp. 
248Aa-2 Wcubacterium sp. 
2rc8Ab k l d  . 
260a BaciLlus cereus 
SteDhensonls Medium (#26): 
246a Bacillus cereus 
259a Yeast. 
*260a (Soil Mphtheroid) . 
260b Bacillus sp. 
62 
37 
39 
47 
45 
62 
62 
49 
*Fail t o  gmw upon o r i g i n a l  transfer. 
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DICHOT0K)US lcEy 
YEAST AND HJLDS: 
245M (824) Mold. 
246Aa (#24) Mold. 
.248Ac (#24) Hold. 
248Ab (#25) h l d .  
259 a (#26) Yeast. 
STREPTOMYCETES:* 
276 a (# 6) (#26. Strevtom ces albus). 
245Bb (#24) ( #23. StreDtolmrces ar iseov i r i  dis) . 
245Bc (824) (824. No Growth). 
246Bb (#24) (#28. StreDtomces caelest is)  ** 
246M (#Z4) (#29. StreDtomess caelest is)  
246Ae (#24) (826. StreDtomsces lavendulae) . 
246Af ( #24) ( #27. StreDtoravces collinus) . 
247% (#24) (#31 . StreDtomces tendae) 
247Ad (#24) (830. No Growth). 
248Aa (824) (#32. Streutomvces lomismruber)  .** 
249Aa (824) (833. Streptomces antibioticus).  
249Ab (824) (#%. No Growth). 
245 a (#25) (#22. Streutonrsces n m )  . 
246 a (#25) (#25. No Growth). 
*Identified in report by W .B . Bollen and S W e  Nishikawa, August 1968. 
**Identified i n  report by W.B. Bollen and Sumie Nishikawa, February 1969. 
BACTEEnA : * 
Non-viable . 
245Aa (#24) 
245Be (#24) 
248Ab (#24) 
246b 
260a ($26) 
Viable. 
Gram-positive rods. 
I. “SOIL DIPHTHEROIDS”, 
Do not produce endospores, 
A .  Branched nonseptate nycelium i n  early stages of growth, 
I(yce1ium breaks in to  short cylindrical  ceUs which la ter  be- 
Fragmentation present. 
Slight t o  moderate production of catalase. 
Slight acid production i n  litmus milk. 
Do riot u t i l i z e  asparagine nor ammonium as sole nitrogen sources, 
Growth better on twp t i case  soy agar and nutrient agar without 
Fermentative (anaerogenic) metabolism, 
come coccoid. 
18 glucose added. 
1 . iviargin f im’oriate . 
Branching mycelium present. 
Aerobic. 
Xutrient gelat in  not liquefied, 
a. Honey Gold (2ic) t o  Gold (l$pc) pigmentation. 
idorno t i l e  . 
b. Bamboo (2gc) t o  Ffustard (2.I.e) pigmentation. 
Notile. 
2. lbrgin en t i re ,  
Fragmentation present. 
*The genera Nocardia, Nswobacterium, and I~cococcus (classi f ied i n  
Bergey’s Fanual with Actinomycetales) are included. 
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a. 
Aerobic t o  s l ight ly  facultative.  
Nutrient gelatin slowly liquefied. 
b t i l e .  
Honey Gold (2ic) t o  Gold (l+pc) pigmentation. 
(1 )  Topography rough. 
(a ) ,  Growth on urea hydrolysis agar. 
(b). EJo growth on urea hydrolysis agar. 
(2) e Topography smoth. 
NO grcrwth on urea hydrolysis agar. 
l\lomotile. 
Bamboo (2gc) t o  L t .  Yellow (l2ea) pigmentation, 
B .  lfycelium o r  branching not present. 
Size and shape of the rods vary. 
Cells are norumtile. 
Involution forms occur. 
Util ize asparagine and ammonium a s  sole nitrogen sources. 
Growth is  bet ter  on trypticase soy agar and nutrient agar 
w i t h  l$ glucose added. 
1 .  Angular arrangements and paral le l  bundles of cells  are 
The rods may be s l ight ly  bent, may occur i n  wedge shapes 
The width of c e l l s  is 0.4 t o  0.6~ and the average length 
common. 
and my exhibit clubs. 
diminishes with age (young c e l l s  1.5-2.0~, old cells 
0.8-1 .OF). 
Strong catalase production. 
Reaction i n  litmus milk i s  alkaline. 
Urea i s  hydrolyzed. 
Z$ MaCl tolerated. 
Growth a t  40%. but not 45OC. 
a. Red t o  orange-red non-water-soluble pigment pro- 
No arthrospores present. 
Gelatin not hydrolyzed nor liquefied. 
Casein not hydrolyzed. 
Citrate not util ized. 
10% N a C l  tolerated. 
Tellurite reduced. 
Nitrate not uti l ized as sole nitrogen source. 
duced. 
Nonoxidative-nonfermentative metabolism, 
MYCOBACTEFUUM. 
(1  ) Diameter of colonies 21hnm., shape irregular, 
elevation convex, and texture very moist and 
mucoid. 
(2). Diameter of colonies 0,5m., shape putUorm, 
elevation pulvinate, and texture more compact 
and d r i e r  than above. 
b. No pigment produced, culture white. 
Arthrospores present 
Gelatin hydrolyzed and liquefied. 
Casein hydrolyzed. 
Citrate utfi ized as sole carbon source. 
75 N a C l  not tolerated. 
Tellurite not reduced. 
Nitrate uti l ized as sole nitrogen source. 
Growth a t  35OC. ,  but not 40%. 
Oxidative metabolism. 
ARTHWBAC TEH . 
2. Cells not arranged angularly nor i n  parallel hurdles. 
Cells ovate, coccoid, and rod (length not exceeding twice 
the width) shaped, 
and bowling pins.  
Greatly enlarged c e l l s  and minute cells are present i n  
the same culture, 
The width of the cells varies from 0.74-1.25p (may be as 
large as 2 . 2 ~  i n  involution forms) and averages 0.8~. 
The average length i s  1.2~.  
Slight catalase production. 
140 reaction i n  litmus milk. 
Urea not hydrolyzed (no growth on medium). 
2$ N a C l  not tolerated. 
No reaction in oxidation-fermentation medium. 
Many ce l l s  i n  shape resemble pears 
Mycococcus . 
274a (#6=20d) 
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I1 e Produce endospores, 
Survive pasteurization (85OC., 10 minutes). 
Genus BAGILLUS. 
Remaining key i s  taken f r o m  Breed (1957) and Smith, Gordon, and Clark 
(1952) 
I. Sporangia not def ini te ly  swollen. 
Spores e l l ipsoidal  t o  cylindrical, central  t o  terminal. 
Spore walls t h in  and not eas5ly stained. 
A. Diameter of vegetative rods i s  0.9 micmn o r  more. 
1 .  Acid from mannitol with ammonium salts as source of 
nitrogen. 
Acetylmethylcarbinol not produced. 
1. 3acillus megaterim. 
2. No acid from mannitol with amnium s a l t s  as source of 
Acetylmethylcarbiml produced. 
nitrogen . 
2. Bacillus cereus. 
(a. Urea hydrolyzed. 
246a (#26) 
b. U r e a  not hydrolyzed. 
3. No acid from rmnnitol with ammonium s a l t s  as source of 
Acetylmethylcarbinol not produced. ) * 
nitrogen, 
Bacillus sp. 
B. Diameter of vegetative rods i s  less than 0.9 micron. 
1. Growth on glucose agar as good o r  be t t e r  than on agar. 
Good growth on soybean agar. 
a. Growth on 7 percent NaCl agar. 
b. Starch hydrolyzed. 
Nitrites produced from nitrates.  
*Not a part of the dichotomous keys of Breed (1957) or  Smith, Gordon 
and Clark (1952.) 
5 .  Bacillus licheniformis. 
6. Bacillus subtilis. 
bb. Starch not lyydrolyzed. 
Nitrites not produced from ni t ra tes ,  
7.  Bacillus sumilus. 
248a (iY$-ZOd) 
aa. No growth on 7 percent MaCl agar, 
b. Glucose uti l ized. 
Weak, if any, hydrolysis of gelatin. 
8. Bacillus coagulans. 
bb. Glucose not uti l ized. 
Strong hydro lp is  of gelatin. 
9. Bacillus badius. 
277a-1 (g) 
2. Growth on glucose agar def ini te ly  not so good as on agar. 
Scant, if any, growth on soybean agar. 
a. Casein hydrolyzed. Urease not produced. 
10. Bacillus firmus. 
27% (#6-20d) 
27%-2 
aa. Casein not hydrolyzed. Urease produced. 
11. Bacillus lentus. 
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TABLE 1: PHYSIOLOGICAL REACTIONS -- 
COD E 
NUMBERS : 
HYDROLYSES : 
5 
k 
cd 
ct 
v3 
.A 
a, 
v1 
cd u 
cd 
a, 
Ll 
P 
S o i l  d iphthero ids  : 
245a-2 
245a-1 
275a-1 
274b-2 
274b-1 
275b 
2 4 7 B b  
248b 
2 4 8 A a - 1  
2 4 8 A a - 2  
274a 
B a c i l l u s  
246a 
260a 
260b 
248a 
277a-2 
277a-1 
275a 
275a-2 
ct 
cd 
Fr( 
a, 
rn 
0 
rl 
? 
rl 
rl 
a, u 
spp. : 
+ 
+ 
+ 
+ 
- 
+ 
+ 
S 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
S 
S 
S 
S 
+ 
+ 
+ 
- 
+ 
- 
+ 
4- 
+ 
+ 
- 
- 
- 
-NG 
-NG 
-NG 
RF;DUCTIONS 
~ 
s = s l igh t .  
NG = no g r o w t h .  
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TABLE 2: PHYSIOLOGICAL REACTIONS -- 
S o i l  diphtheroids  : 
245a-2 
245a-1 
275a-1 
2 74b-2 
T74b-1 
275b 
247Bb 
248b 
248Aa- 1 
248Aa-2 
274a 
- s  
- s  
- s  
- s  
- s  
c +  
- s  
- s  
s.ac.  
s .ac .  
s .ac.  
s .ac.  
s .ac .  
s .ac .  
a l k  
a l k  
a l k  
a l k  
M 
M 
M 
M 
M 
M 
A 
A 
A 
A 
A 
A NA 
A NA 
A NA 
A NA 
A NA 
A NA 
A GNA 
A GNA 
A GNA 
A GNA 
A GNA 
A +  
A +  
A F  + 
A F  + 
AF + 
M A +  
A +  
A +  
A +  
A +  
M +  
Bac i l lus  spp.:  
246a + s  + + + a l k  - - A GNA A +  
260a + +  + + + a l k  - - A GNA A +  
248a s +  + + s a l k  - - A NA A +  
275a-2 - -  - - -  - - - - NA A F +  
*Litmus Milk: ac  = ac id ;  a l k  = a l k a l i n e ;  c= c l ea r ing ,  but  not peptonizat ion.  
**Soybean infus ion  agar  & S p i r i t  blue f a t  agar:  A = abundant; M = moderate; 
s = s l i g h t .  
***Oxygen Relat ionship:  A = ae rob ic ;  AN = anaerobic;  F = f a c u l t a t i v e ;  
M = microaerophi l ic .  
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TABLE 3:  TEMPERATURE AND SALT TOLERANCES -- --
I SALT 'POL ERANCES : TEMPERATURES : 
0 0 0 v o  v Y  Y o  
NUMBERS : cu E rl m rl rl cu 4- 4. In m o m  
V V u 
0 m 0 0 In 
CODE 
se 
I 
Soil diphtheroids : 
245a-2 + + - + + + + + 
245a-1 + + - - + + + + + 
275a-1 + - - - + + + + + 
274b-2 + - - - + + + + + - 
2 74b- 1 + - - - + + + + + 
275b + - - + + + + + 
247Bb + - - + + + + - - 
248b + + + - + + + + - 
248Aa-1 + + + - + + + + - 
248Aa-1 + .  + + - + + + + - 
2 74a - - 
Bacillus spp.: 
246a + + 
260a + + 
260b - - 
248a + + 
277a-2 + + 
277a-1 + - 
275a + + 
275a-2 + + 
S + + - 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ .  + + 
+ + + 
+ + + 
OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 
(JPL-NASA) 
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Descript 
243-2 (6) 
Nocardia SP. 28OC. W.B. Bollen & K.M. Kemper 
(code number) (medium) ( source ) 
(name of organism) (temperature) (studied by) - _  -- _ _ *  
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
F O ~ :  d e & - $ -  ted 
filaments, cocci, spirals, 
branching WCelim . 
Size: average - 
range - 
Irregular forms: 
GRAM REACTION: POSitiVe.  
18 hrs: 
24 hrs: 
48 hrs: 
N e  ative 
PASTEURIZATION SUfVIVAL /85"C, 10 rnimx€i 
Sporangia: none, rods, spindles, elliptical, clavate, 
Endospores: swollen, not swollen,. 
Shape: spherical, ellipsoidal, cylindrical, oval. 
Position: central to acentric, terminal, subterminal. 
size: average - 
range - 48 hr. - -  
24 hr. 
NIGROSIN STAINS: 
6 &. . _  - 
CQIDNY M'ORPH0IL)GY TSA: 
24 hr. 
24s-2 
(MI 11. CULTURAL CHARACTERISTICS 
AGAR STROKE: age 16. 
Amount of growth: abundant, qgderatg, scant. 
Form: aborescent, beaded, echinulate, &use, rhiz- 
Consisten brittle, buturous, membranous, moistk 
oid, spreading. 
slfmy, iscia# waxy. 
AGAR COLONIES: age 10 *- 
Macroscopic 
size: 2 mm. 
Shape: filamentous,- oval, puntiform, round. 
Elevation: beueled, &use, pat, papillate, puluin- 
Topography: Bntoured, rough, smooth, striuted, wrinkled. 
Habit: c-t, spreading. 
Margin: Ciliate, c 
lobed, rhizoid, 
Internal structure: 
lar (fine, coars . 
Appearance by reflected light: dull, fluorescent, elirten, 
Appearance by transmitted light: ovauue, translucent, 
transparent. 
Medium: blackened, blued, browned, grayed, greened, 
yellowed, 
Chromogenesis: 
(medium) ( color ) (CHM No.) 
ate, raised, rugosfY3onate. 
Microscopic (1OOx) 
Optical properties 
iridescent, opalescent. 
oy agar B r i t 0  Yellow 14- 
Color varies with age: 
-4da.t  2 i c  EIorzergGold. 
-3oda.t l*Oold. 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, f loccuht,  membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid, 
Sediment: none, compact, jluku, flocculent, granular, uiscid. 
Odor: resembling ___ 
GELATIN STAB: age 86. 
Liquefaction: crateriform, infundibuliform, napiform, 
saccate, strat%)%%. 
Rate: fast, moderate, slow. 
Ltne of pweturer r+llowa, 
OTHER GROWTH CHARACTERISTICS : 
Soybean infusion aga r :S l igh t  Growth. 
Fat agar: Ci-dh. 
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111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO Oz;neroliic. anuerobic, facultative, micro- 
aerophilic. 
CATALASE: positive, negatiue. 
TEMPERATURE RELATIONSHIPS: age .lJL&--. 
Growth at 1 0 " C . A  20°C. +- W C - d ;  
4 5 " C . A  55°C.- PCTA. 50 C . Z .  
SOLE CARBON SOURCE: age 
Glucose: positiue, negatiue. 
Sucrose: positive, negative. 
Xylose: positive, negatiue. 
Citraik: gg,&& negative. 6. 
15 da. N&+ AS SOLE NITROGEN SOURCE: positiue, negatiue. - 
Methylene blue: positive, negatitle. 
Selenite: negatiue. al ight  . 
Tellurite: positive,- 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Gludose : ac&~alkaline- neutral, gas. 
Sucrose: acid-, alkaline- neutral, gas. 
Lactose: ac id - ,  alkaline- neutral, gas. 
Xylose: acid-, alkaline-, neutral, gas. 
Mannitol: a c i d - ,  alkaline, neutral, gas. 
- Ferndative . Anaerogenic . 
HYDROLYSIS: 
Gelatin: negatiue. 
Casein: positiue, negative, 
Fat: positive, 
Starch: -e, negatiue. 
Cellulose: positive, 
Urea: positive,- 
TOLERANCES: 
Salt: 2S-negative. 
7 % - s n e g a t i u e .  
10%-positiue, negatiue. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: &, akdine, neutral. d.i&t . 
Curd: acid, alkaline, a- gap. 
Peptlonization: positiue, w t i u e .  Glucose-nitxate agar: NO Growth. 20 da. 
0-h 8-t on nutrient agar; 110 gmwth onReduction: positive,%%&&& 
-glwmse-nutrient agar. OTHER REACTIONS: 
- Anaembia nitrate broths EW gas. 12 da. negative. &S from : positiue, 
NIL' from peptone: positive,- 
DNA Acetylmethylcarbinol: positive,  
G:C Indol: positive, negatiue. 
Ihaa. 
ii. 
G+C moles I Methyl red: positive, negatiue. 
OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 
(JPL-NASA) 
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Descriptive Chart 
T-icase Scnr Amr 
( medium ) (source) 
24% -1 (%I 
(code number) 
Nocardia sp.* 28oC 
(name of organism) (temperature)  
I. STAZNING &7 MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Form: r&, #tad * 
$&ments, cocci, spirals, 
branching ~ e l i a ~  . 
Size: average - 
range - 
IrregUIar f o m :  
GRAM REACTION: P O a t i V e  
18 hrs: 
24 hrs: 
48 hrs: 
MGROSIN STAIN : 
24 hr. 
PASTEURIZATION SURVIVAL (SOC, 10 minutes ) Negative. 
Sporangia: none, rods, spindles, elliptical, clauate, drumstick. 
Endospores: swollen, not swollen,. 
Shape: spherical, ellipsoidol, cylindrical, wal.  
size: average - 
Position: central to excentric, terminal, subterminal. 
range - 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
?tn slide preparations of 
various aged ce l l s  for 
micmscopic examination, 
no branching, unseptate 
mycelia 5s observed in a 
young culture; although, 
colony ObsermFtions (1OOX 
and 4OOX) made on young 
cultures show branching 
mycelia characteristic 
of 80- species. 
when the surface gnmth 
of the bacterial co loq  
is  removed, microscopic examination shows substrate qycelfa remaining i n  the agar. 
24% -1 
(#a 11. CULTURAL CHARACTEZUSTICS 
AGAR STROKE: age -. 
Amount of growth: abundant, -scant. 
Form: aborescent, beaded, echinulate, &use, piform& rhiz- 
oid, spreading. 
Consistency: adherent, brittle, & & n - o u s ,  membranous, gg& 
slimg, &, tough, viscid, w a g .  
AGAR COLONIES: age 10 &= 
Macroscopic 
size: 2 mm. 
Shape: filamentous, irregular, oval, puntiform,& 
Elevation: beveled- &use, pd, pupillute, pulvin- 
Topography: contoured, r o u g h d  striated, wrinkled. 
Habit: commctt spreading. 
ate, raised, rugose, umbonate. 
Microscopic (1OOx) 
Margin. Ciliate cleft cre nti e erose, granular, 
lobid, rhizoh, udulate?%&&te. 
Internal structure: amorphous filamentous, granu- 
h r  (fine, coarse 1, interhe;. 
Optical properties 
Appearance by reflected light: dull, fluorescent, e- 
& iridescent, opalescent. 
Appearance by transmitted light: opaaue, translucent, 
transparent. 
Medium: blackened, blued, browned, gTayed, greened, 
Chromogenesis: 
yellowed, unchanged. 
(medium) (color) (CHM No.) 
Trypticase soy aga&t Y U O W  1ba 
Color varies with age: 
- 4 d a . t  2 g e B w .  
-30 da.: 2I.e Mustard. 
NUTRIENT BROTH: age 
Amount of growth: abundunt, moderate, scant. 
Surface growth: none, flocFlent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, fiky, flocculent, granular, viscid. 
Odor: resembling 
GELATIN STAB: age 
Liquefaction: crateriform, infundibuliform, napiform, 
saccate, str&%f$rm. 
kte: fast, moderate, slow. 
Line of puncturer villous. 
OTHER GROWTH CHARACTERISTICS: 
soybean infusion agarSliQ;ht gnmth. 
Fatagar: G~~wbh, 
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111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 0%: &, anaerobic, facultative, micro- 
aerophilic. 
CATALASE: w, negative. -0 
TEMPERATURE RELATIONSHIPS : age k. 
Growth. at lO"C.+ 20" I- WCl$_, @lboL!L, 
4 5 0 c . d  5 5 0 c . 2  %cy&, 50 C.A. 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. -- 
Xylose: positive, negative. 
NH.' AS SOLE NITROGEN SOURCE: positive, 
Citrate: positiveL negative. slight li. 
ts. negative. - 
REDUCTIONS: 
Nitrate: NO2-& NK+- gas- negative. 5. 
Methylene blue: positive, negative. 
Selenite: positive, qgg&g, 
Tellurite: positive, . 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid&Wkaline-, neutral, gas. 
Sucrose: acid-, alkaline-, neutral, gas. 
Lactose: acid-, alkaline- neutral, gas. 
Xylose: a c i d - ,  alkaline-, neutral, gas. 
Mannitol- Fdn%%%%3. alkali %Uerog%dC.  , n utral, as 
- 
HYDROLYSIS: 
Gelati: -negative. 
Casein: positive, negative. 
Fat: positive, 
Starch: gositivea negative. 
Cellulose: positive, 
Urea: positive, r,gg&&, 
TOLERANCES: 
Salt: B%positive, negative. 
7%-positive, negative. 
10%-positive, ngg&& 
pH: acid-, alkaline 
LITMUS MILK REACTIONS: 
Reaction: & alkaline, neutral. slight 
Curd: acid, alkaline,sbsent, gas. 
Glucose-nitrate agar:No u) *. Peptlonization: positive,- 
aigh;t *h O n  ntltrhnt a@r; *h Reduction: positive, 
-on gluwse nutrient agar. 
OTHER REACTIONS: 
Anaerobic - nitrate broth: no gas. 12 da. &S from : positive, 
negative. 
DNA 
G:C 
NHa+ from peptone: positive, negative. 
Acetylmethylcarbinol: positive, negative. 
Indol: positive, negative. 
16 da. 
11 da, 
6 0  
3. 
111 da, 
14 da, 
2, 
14 da. 
14 da, 
7 6 8  
76. 
76. 
76 da. 
28. 
2 8 0  
G+C moles 16 Methyl red: positive, negative. 
4a hr. 
279-1 
(fa 11. CULTURAL CHARACTERTSTICS 
AGAR STROKE: age 13 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, &use, a m ,  rhiz- 
Consisten brittle, bwrous,  membranous, moist, 
oid, spreading. 
slimy, kcid- 
AGAR COLONIES: age 24 da. 
Macroscopic 
size: 1 m m .  
Shape: filamentous, @remdq oval, puntifom, round. 
Elevation: beveled convex, effuse, pd, kaviwde, pulvin- 
ate, r a i s m s e ,  umbonate. 
Topography: contoured, r& smooth, striated, t&&d. 
Habit: comvact, spreading. 
Mar in: Ciliate, cleft, crenate, qg&, erose, granular, 
gbed, rhizoid, undulate. 
Microscopic (100~)  
~ e r n a l  structure: amorphous, dense, fimentous,granu- 
la7 (fine, coarse), interhed, striated. ...- 
Optical properties 
Appearance by reflected light: dull, fluorescent, elisten- 
Appearance by transmitted light: O- translucent, 
ing, iridescent, opalescent. 
trarwparent. 
I
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
yellowed, unchanged. 
(medium) (color) (CHM No.) 
~rypt ica~e SOY agar Bfite Ye l low 
-30 da.: 13pc Gold. 
13la 
Color varies with age: 
- 4 da.: 210 HOW Gold. 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, jlaky, flocculent, granular, viscid. 
Odor: resembling - 
GELATIN STAB: age 49. 
Liquefaction: none, * infundibuliform, nupifom, 
saccate, stratif-- 
Rate: fast, moderate, s h .  
OTHER GROWTH CHARACTERISTICS: 
soybean infusion agar :SUght  PWbh. 
Fat amrQmdh 
2a 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 02: aerobicLanaerobic, facultative, micro- 
aerophilic. 
CATALASE: vositiv9 negative. 
TEMPERATURE RELATIONSHIPS: age 17 bo 
Growth at 10°C.& 20°C. 5 m°C + #W + , 
45"CS- 55"C.,-5OC .A, S O T L .  
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: positive, negative. 
NHa+ AS SOLE NITROGEN SOURCE: positiue, 
negativg. - 
REDUCTIONS: 
Nitrate: NO1-& NH4+- gas- negative. 
Methylene blue: positive, negative. 
Selenite: positive, negative. slight 
Tellurite: positive, m. 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acidB&lkaline- neutral, gas. 
Sucrose: a c i d ,  alkaline-, neutral, gas. 
Lactose: acid- alkaline- neutral, gas. 
Xylose: acid- alkaline-, neutral, gas. 
Mannitol: acid- alkaline, neutral, gas. 
- Fermentative: herogeniu. 
HYDROLYSIS : 
Gelatin: w, negative. 
Casein: positive, 
Fat: positive, 
Starch: negative. 
Cellulose: positive, m. 
Urea: positive- 
TOLERANCES: 
Salt: 2%-positiveb negatice. 
7%-positive, negative. 
10%-positive, negative. 
pH: acid ., alkaline 
LITMUS MILK REACTIONS: 
Reaction: & alkaline, neutral. dlight 
Curd: acid, alkaline,- gas. 
Peptfonization: positive, negative. 
- 
Glucose-nitrate agar: mwth. 1 Z da. 
slight @'€iUth On IWZbfiOXlt agar8 Zl@ p d h  Reduction: enegative. 
OTHER REACTIONS: 
-on gluwseautrid agar. 
h e r n b i e  nitrate broth: m gas. 12 da. H3s 
: posittve, - negative. 
NH4+ from peptone: positive, negative. 
DNA Acetylmethylcarbinol: po&iue,- 
G:C 
G+C moles 4; 
Indol: positive, negative. 
Methyl red: positive, negative. 
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( source 1 
274b-2 ( ~ = Z * d ) l  -- 
Nocardia SP. 28OC. W.B. Boll en & K.M. i[emoser 
(code number) (medium) 
(name of organism) (temperature) (studied by) 
I. STAINING c!r MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
~ o m : r o d ~ ,  em ism^ & Wnted. 
jilaments, cocci, spirals, 
branching 
Size: average - 
range - 
Irregular forms: 
18 hrs: 24 hr. 
NIGROSIN STAIN: 
GRAM REACl"I0N:POSitiVe. 
24 hrs: 
48 hrs: 
PASTEURIZATION SURVIVAL (85Oc, IO minutes) : Neetiye. 
Sporangia: none, rods, spindles, elliptical, cluvate, drumstick. 
Endospores: swollen, not swollen,. 
shape: spherical, eWipsoidaE, cylindric&, oval. 
size: average - 
Position: central to excentric, terminal, subterminal. 
range - 
MOTILITY: age 2rc. Positive. 
Flagella: 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
CrystaIhe dextrins: 
Fat globules: 
Metachromatic granules: 
SEE PHOTOHLCROGRAF'HS FOR 
21%-1. 
274b-2 
11. CULTURAL CHARACTERISTICS 
(*-2W 
AGAR STROKE: age -r6. 
Amount of growth: &&,gat, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, filiform, rhiz- 
oid, spreading. 
Consistency: adherent, brittle, membranous, mom 
slimv, & tough, viscid, w 
AGAR COLONIES: age u). 
Macroscopic 
size: .-.mm. 
Shape: filamentous ,; oval, puntiform, round. 
jbt, papillate, pulvin- 
ooth, striated, wrinkled. 
Microscopic (1OOx) 
Margin: Ciliate, cleft crenute, erose, granular, 
lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous, et- & (&e, coarse), interlaced, striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, w n -  
& iridescent, opalescent. 
Appearance by transmitted light: , translucent, 
transparent. 
Medium: blackened, blued, browned, grayed, greened, 
(CHM No.) 
Trypticase soy agar 1 + h  
age: 
d. 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, jbky, flocculent, granular, vkcid. 
Odor: resembling __ 
GELATIN STAB: age 
Liquefaction: none, infundibuliform, nupiform, 
saccate, stratiform. 
Rate: fast, moderate, 
OTHER GROWTH CHA TI 
Soybean infusion agar: e h. 
Fat agar: he 
Glucose-nitrate agar: NO m h t  12 b. 
30 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 02: aerobic, anaerobic, &&&, micro- 
aerophilic. 
CATALASE: posit&twgative. 
TEMPERATURE RELATIONSHIPS: age l-DL--.. 
Growth at lO"C.& 20°C. Lk, Ib"C. + gg'L!l, 
4 5 " C . L  55°C.". 5%.&, 30 ir C * A .  
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
NH4+ AS SOLE NITROGEN SOURCE: positive, 
Citrate: positive l.3AL 
l-Ua.0 e. - 
Methylene blue: positive, negative. 
Selenite: positive, negative. alight . 
Tellurite: positive, 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acich&alkaline-, neutral, gas. 
Sucrose: a c i d ,  alkaline-, neutral, gas. 
Lactose: a c i d - ,  alkaline-, neutral, gas. 
Xylose: a c i d ,  alkaline-, neutral, gas. 
Mannitol: acid- alkaline, neutral, gas. 
-Fermentative: Anaerogsnic. 
HYDROLYSIS : 
Gelatin: positivea negative. 
Casein: positive, negative. 
ma') 
TOLERANCES: 
Salt: 2%--ositive, negative. 
7%-positive, negativx. 
lO%-positive- 
pH: acid- alkaline 
Reaction: acid alkaline, neutral. slight. 
Curd: acid, alkaline, h t ,  gas. 
Peptjonization: positive? w e .  
LITMUS MILK REACTIONS: 
Better h on nUtZd.Snt agar; L10 gFlowth Reduction: positive, negative. 
- on ~ ~ o s o o n u t ~ ~  agar. 
OTHER REACTIONS: 
HzS from : positive, 
NH4+ from peptone: positive, negative. 
Ametrobia nitrater broth: ILO gas: 12 da. negative. 
DNA Acetylmethylcarbinol: positive, negative. 
G:C 
G+C moles % 
ihda. 
11 da. 
Indol: positive, negative. 
Methyl red: positive, negative. - 
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274b-1 (*-20d) Tmticase  SOY Am r Chile Atacanrt Desert____ 
(code number) (medium) ( source ) 
Nocadh sp. 2Pc.  W.B. Bollen & K.H. Kemmr 
(name of organism) ( temperature ) (studied by) 
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
F O ~ :  d, e d - t e d  
filaments, cocci, spirals, 
branching 
Size: average - 
range - 
Irregular forms: 
NIGROSIN STAIN: 
GRAM REACTION: posi t ive  
18 hrs: 
24 hrs: 
48 hrs: 
PASTEURIZATION SURVIVAL (85"C, 10 minutes) 8NegatiPe. 
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swolkn,. 
Shape: spherical, ellipsoidul, cylindrical, oval. 
size: average - 
Position: central to excentric, terminal, subterminal. 
range - 
MOTILITY: 
Flagella: 
age 24 hr- B ositive . 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
11. CULTURAL CHARACTERISTIC'S (*-=I 
AGAR STROKE: age L 
Amount of growth: a m t ,  moderate, scant. 
Form: aborescent, beaded, echinulate, &use, &form& rhiz- 
Consistency: adherent, brittle, b u y ,  membranous, n&& 
oid, spreadiw. 
slimv, 9, tough, uisdd, wary. 
AGAR COLONIES: age 16da. . 
Macroscopic 
size: 3 m m .  
Shape: $lumentow, irregular, oval, p u n t i f o m , d .  
Elevation: beveled, conuex, &use, pat, papillate, pulvin- 
Topography: contoured, r o u g h , w h ,  striated, wrinkled. 
Habit: spreading. 
Margin: Ciliate, cleft crenate, e, erose, granular, 
ate, raised, rugosembonute. 
Microscopic (10th) 
lobed, rhizoid, undulate. 
Internal structure: dense, $lumentous, granu- 
lar (fine, coarse striated. 
Optical properties 
Appearance by reffected light: dull, fluorescent, -- 
Appearance by transmitted light: tlz)ooue. translucent, 
Medium: blackened, blued, browned, graved, greened, 
Chromogenesis: 
ing, iridescent, opalescent. 
transparent. 
yellowed, unchanged. 
(medium) ( color ) (CHM No.) 
-
Trypticasesoyagar MWkard Gold 2ps 
r varies with age: 
c1 Gold. 
Horpsy Qold 
NUTRIENT BROTH: age 
Amount of growth: abundant, moha te ,  scant. 
Surface growth: none, flocc&nt, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, @kv, f loccuht,  granukzr, Ulscid. 
Odor: resembling 
GELATIN STAB: age _86. 
Liquefaction: none, 0- infundibuliform, napiform, 
Rate: fast, moderate, s l o ~  
saccate, stratiform. 
OTHER GROWTH CHARACTERISTICS: 
- soybean infusion agt4b-t g m h .  
Fat agar: aml&h. 
Glucosenitrate agar:=%.@ growth. 1 2 & . 
Better gmuth on nlrtrient agar than 
- ghc#se=ia&fiat agar. (Ne growth 
glwxw-ndrient agar) . 
32 
111. PHYSIOLOGICAL CHARACTEZUSTICS 
RELATIONSHIP TO 02: e, anuerobic,facuZtatfoe, mho- 
CATALASE: positiuq, negative. 
TEMPERATURE RELATIONSHIPS: age -~ZA~L-. 
aerophilic. 
Growth at 10°C& M"C. A SO'C + W-?!L, 
4 5 " C L L  55°c.2-. fjOC.&, ssoc. 2. 
SOLE CARBON SOURCE: age 
Glucose: Positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: positive, negative. -=-da* 
15* NHf AS SOLE NITROGEN SOURCE: POsith, negative. 
REDUCTIONS: 
- 
Nitrate: NO;-&, NH4+- gas- negative. 
Methylene blue: positive, negative. 
Selenite: positive, negative. &i&t ,
Tellurite: positive, negative. - 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: aciLe%lkaline, neutral, gas. 
Sucrose: acid-, alkaline, neutral, gas. 
Lactose: a c i d - ,  alkaline-, neutral, gas. 
Xylose: a c i d - ,  alkaline- neutral, gas. 
Mannitol: acid-, alkaline, neutral, gas. 
Fermentative: aaaerogenio. 
HYDROLYSIS: 
Gelatin: &&g, negative. 
Casein: positive, 
Fat: positive, tgg&&g. 
Starch: p- negative. 
Cellulose: positive, -. 
Urea: positive, ( n ~  PWth) 
TOLERANCES: 
Salt: 2%-positive, negative. 
7%-positive, 
10%-positive, qgg&&. 
pH: acd-, alkaline 
LITMUS MILK REACTIONS: 
Reaction: J& alkaline, neutral. Slight. 
Curd: acid, alkaline, w, gas. 
Peptfonization: positive, w. 
Reduction: positiye negative. a g b t  
OTHER REACTIONS: 
negative. 
H2S from : positive, 
- 
M m b i ~  fitrate bmtht gas. 12 a. NH,+ from peptone: positiue, negative. 
DNA Acetyhnethylcarbinol: positloe, 
G:C Indol: positive, negative. 
G+C moles % Methyl red: positive, negative. 
6. 
131. 
Irt* 
3 0  
. 1 1 1 a a ,  
tir. 
6. 
11 da. 
11 da, 
8 9 8  
89* 
89. 
3 da. 
12. 
13. 
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N o m  sp. 2 2 2  
(code number) (medium) 
(name of organism) (temperature) (studied by) 
I. STAINING G MORPHOLOGICAL 
- CHARACTERISTICS , /  
MORPHOLOGY: 
FOITII: r&, -intad. 
jilumnts, cocci, spirals, 
branching 
Size: average - 
range - 
Irregular forms: 
GRAM REACTION: Positive, 
18 hrs: 
24 hrs: 
48 hrs: 
NIGRDSIN STAIN: 
24 hr. 
PASTEURIZATION SURVIVAL (85"C, 10 minutes):Ne&im . 
Sporangia: none, TO&, spindles, elliptical, cluvate, drumstick. 
Endospores: swollen, not swollen,. 
Shape: spherical, ellipsoidal, cylindrical, oval. 
size: average - 
Position: central to excentric, terminal, subterminal. 
range - NIGRDSIN STAIN: 
M 
0' 
ITILITY: age . Negative. 
Flagella: 
HER STAINS: 
Acid fast: 
Capsule:. 
Glycogen: . 
Crystalline dextrins: 
. 
Fat globules: 
Metachromatic granules: 
PHASE CONTRAST 
OF C E U S  ON 
AGAR: 
5 da. 
27% 
11. CULTURAL CHARACTERISTICS 
(116-W 
AGAR STROKE: age 28 da- . 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, &use, rhiz- 
Conaistency: &rent, brittle, butrrrprrs, membranous, m, 
oid, spreading. 
slimy, spft, tough, viscid, waxy. 
AGAR COLONIES: age 30 . 
Macroscopic 
size: 2 mm. 
Shape: filamentous, irregular, oval, puntiform, r s u l .  
Elevation: beveled, convex, &e,&, papillute, pulvin- 
Topography: contoured, rough, smooth, W d ,  wrinkled. 
Habit: comnnd, spreading. 
Margin: Ciliate, cleft crende, entire, erose, granular, 
lobed, rhizoid, undulate. 
ate, raised, rugose, umbonate. 
Microscopic (1OOx) 
Internal structure: am0 hous, dense, filamentous, granu- 
lar (fine, coarse),*ed, striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, 
Appearance by transmitted light: opaque, translucent, 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
ing, iridescent, opalescent. 
transparent. 
yellowed, unchanged. 
(medium) (color) (CHM No.) 
~rypticase soy agar Lt *r 3 
Color varies with ages 
CI Banrboo 
ea L t  Pellaw 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, fluky, flocculent, granular, viscid. 
Odor: resembling 
GELATIN STAB: age 86. 
Liquefaction: n crateriform, infundibuliform, napiform, 
saccate, stratl#%m. 
Rate: fast, moderate, slow. 
Line of puncture: fiuPorm, 
OTHER GROWTH CHARACTERISTICS: 
34 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 0,: oerpbic, anaerobic, facultative, 1;pIcI;p- 
CATALASE: negative. Slignt 
e i c .  
TEMPERATURE RELATIONSHIPS: age .Shh.--- 
Growth at 10°C& 
45 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
N&+ AS SOLE NITROGEN SOURCE: positive, 
Citrate: pe&m, negative. -ll-da. 
Ib. negative. - 
A&. 
REDUCTIONS: 
Nitrate: NO,-&, NH4?- gas_, negative. 
Methylene blue: positive, negative. 
Selenite: positive, -negative. slight 
Tellurite: positive, 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acic8&;(; alkaline-, neutral, gas. 
Sucrose: acid-, alkaline-, neutral, gas. 
Lactose: acid-, alkaline- neutral, gas. 
Xylose: acid-, alkaline-, neutral, gas. 
Mannitol: acid-, alkaline, neutral, gas. 
-Fermentative: anareropnk 
HYDROLYSIS: 
Gelatin: positive, negative. 
Casein: positive, negative. 
Fat: positive, negative. 
Starch: w e ,  negative. 
Cellulose: positive, neeativg. 
Urea: positive, -. 
TOLERANCES: 
Salt: 2%-positive, negative. 
7%-, negative. 
lolbpoiitive, m. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: %id, alkaline, neutral. 
Curd: acid, alkaline, ab- gas. 
Peptionization: positive, m. 
Reduction: e i v e ,  negative.&Qht 
OTHER REACTIONS: 
tlD gas. 12 d;s, : positive, 
NH4+ from peptone: positive, negative. 
Acetylmethylcarbinol: podthe,-. 
Indol: positive, m e .  
Methyl red: positive, negative. 
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2m ( #25-6) r 
(code number) 
bacterium SD. * pFc ,  W.B. Bollen & K.M. Ice- 
(name of organism) (temperature) (studied by) 
I. STAINING G MORPHOLOGICAL 
MORPHOLOGY: 
CHARACTERISTICS 
Form:&ds. endsm- -a ed. 
filaments, cocci, spirals, 
branching 
Size: average - 
Irregular forms: 
range -See Dichotomous Key p. 16. 
NIGROSIN STAIN: 
GRAM REACTION: Po&tim. 
18 hrs: 24 hr. 
24 hrs: 
48 hrs: 
PASTEURIZATION SURVIVAL (850c, io minutes) :Negative. 
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swollen,. 
Shape: spherical, ellipsoidal, Cylindhal, mal. 
size: average - 
Position: ccptral to excentric, terminal, subterminal. 
FJImSIN STAIN: range - 
MOTILITY: age . Negative. 
Flagella: 
17 da. 
I 
OTHER STAINS: 
Acid fast: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
Capsule : \ 
NIGROSIN STAIN: 
18 hr. 
rldentity of this isolant resembles 
bacterium brevicale Ihasil 'nUov 1941 or - M. rubroDerbinctum (Hefferan) Ford 1927 (Jensen, 
1934) * 
2Mb 
11. CULTURAL CHARACTERISTICS (f25-Q 
AGAR STROKE: age 13 da. 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, ech.inlu’;i;;ik, &use, &&p, rhiz- 
Consistency: adherent, brittle, bu-membranous, %&, 
oid, spreading. 
slimy, &, tough, viscid, w w .  - 
AGAR COLONIES: age -v-d%--* 
Macroscopic 
Size: 4 mm. 
Shape: filamentous, oval, puntifom, round. 
Elevation: beveled, convex, &use, pd, papillate, pulvin- 
Topography: contoured, rough, smooth, striated, wrinkled. 
Habit: c m  spreading. 
ate, raised, n r g o s m o n a t e .  
Microscopic (1OOx) 
Margin: Cdhte, cleft crenate entire erose, granular, 
lobed, rhizoid, udulate. ’ 
Internal structure: am0 ho dense, jikzmentous, granu- 
lar (fine, coarse),&%&, striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, g l m -  
Appearance by kansmitted light: 0- translucent, 
ing, iridescent, opalescent. 
traitsparent. 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
yellowed, unchanged. 
(medium) ( color ) (CHM N‘o.) 
Trypticase soy agar sac 
Potato slant 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: wne,  flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, fluky, flocculent, granular, viscid. 
Odor: resembling __ 
GELATIN STAB: age 73 a- . 
Liquefaction: pppe, crateriform, infundibuliform, napiform, 
saccate, stratiform. 
Rate: fast, moderate, slow. 
OTHER GROWTH CHARACXERISTICS: 
36 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 0,: &, anaerobic, fucultative, micro- 
CATALASE: g&&&,w, negative. 
TEMPERATURE RELATIONSHIPS: age 17 a- . 
20°C. L.# W C A  pw+ 
aerophilic. 
4 5 O C 4  55°C.”. 9 C . A .  
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positiue, negative. 
Citrate: positive, 
NIL’ AS SOLE NITROGEN SOURCE:-, 
negatiue. 
REDUCTIONS : 
Nitrate: N O ; L  N&+- gas- negative. 
Methylene blue: positive, negative. 
Selenite: positiue, tggatiw. 
Tellurite: p&&, negative. 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid-, alkaline-, neutral, gas. 
Sucrose: acid-, alkaline- neutral, gas. 
Lactose: a c i d - ,  alkaline- neutral, gas. 
Xylose: acid-, alkaline- neutral, gas. 
Mannitol: acid-, alkaline, neutral, gas. 
HYDROLYSIS: 
Gelatin: positiue, n&.
Casein: positive, 
Fat: positiue, -. 
Starch: paritiue negatiue. Slight, 
Cellulose: positive, negatiue. 
Urea: p&e, negative. 
TOLERANCES : 
Salt: 2 % - m e ,  negatit‘e. 
7-, negative. 
10%-positiue, negative. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, &&le, neutrd. 
Curd: acid, alkaline, &e&, gas. 
Pepdonization: positive, w. 
6. 
6 da. 
9 aa. 
12. 
8Q. 
OTHER REACTIONS: 
: aositive- H S  from 
hr m gas, 12 dam negative. 
NHI+ from peptone: positive, negative. 
Acetylmethylcarbinol: positive,  1 2 d n ,  
Indol: positive, ngg&ue. 1 2 s  
Methyl red: positiue, negative. 
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Descriptive Chart 
248Aa-1 (#25/TSA 3---eSv8&8 r Chile Atacam Desert 
Mycobacterium SP.* __ - 28OC. W.B. Bollen & K.M. Kemper 
(code number) (medium) (source) 
(name of organism) (temperature) (studied by) 
I. STAINING G MORPHOLOGICAL 
CIIARACTERISTICS 
MORPHOLOGY: 
Form: &, endsround-&pointed. 
filaments, cocci, spirals, 
branching 
Size: average - 
Irregular forms: 
range - See Mchotomous Key p. 16. 
NIGROSIN STAIN: 
GRAM REACTION:POS%tiV8. 
18 hrs: 
24 hrs: 
48 hrs: 
24 hr. 
PASTEURIZATION SURVIVAL (85"C, 10 minutes): Negative. 
Sporangia: none, rods, spindles, elliptical, claoate, drumstick. 
Endospores: swollen, not swollen,. 
Shape: spherical, ellipsoidal, cylindrical, ooal. 
size: average - 
Position: central to excentric, terminal, subterminal. 
range - 
MOTILITY: age i. .Negat ive , 
Flagella: NIGROSIN STAIN: 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
24 hr. 
rdentity of t h i s  isolant resembles Mvcobac tefium brevicale Kra~il~nikov 1941 or 
&. X'UbI'ODerthl ctu (Hefferan) Ford 1927 (Jensen, 1934). 
2c1.8ba-1 
11. CULTURAL CHARACTERISTICS 
age 16 *. . (#25/TW AGAR STROKE: 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, f i l i f m ,  rhiz- 
oid, spreading. 
consistency: adherent, brittk, buturous, membranous, moist, 
slimy, aft, tough, viscid, waxy. 
AGAR COLONIES : 
Macroscopic 
age 23 a. 
size: 3 m m .  
Shape: f i kkn tous ,  i m b  oval, puntifom, round. 
Elevation: beveled, convex effuse, jlat, papillate, pulvin- 
Topography: contoured, rough, s m n s t r i a t e d ,  wrinkkd. 
Habit: cpmvact, spreading. 
Margin: Ciliate, cleft, crenate, e- erose, granular, 
Internal structure: a ous, dense, filamentous, granu- 
ate, raked, rugosemona te .  
Microscopic ( 1OOx) 
lobed, rhizoid, undulate. 
lar (fine, coarse), 112Mp% inter ced, striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, W n -  
Appearance by transmitted light: o w ,  translucent, 
Medium: blackened, blued, browned, graved, greened, 
Chromogenesis: 
ing, iridescent, opalescent. 
transparent. 
yellowed, u-ed. 
(medium) 4 color ) (CHM No.) 
Trypticase soy agar h?d. 6 le 
Potato slant 
NUTRIENT BROTH: age --.
Amount of growth: a b u q n t ,  moderate, scant. 
Surface growth: none, floccuknt, membranous, pellick, ring. 
Subsurface growth: none, gTanUkZT, turbid. 
Sediment: none, compact, jlaky, flocculent, granular, vkcid. 
Odor: resembling - 
GELATIN STAB: age 73 &* 
Liquefaction: craterifom, infundibuliform, n a p i f m ,  
saccate, stray-. 
Rate: fast, moakrate, slow. 
OTHER GROWTH CHARACTERISTICS: 
soybean infusion agar: Abundant @he 
Fat agar: 
Glucose-nitrate agar: 12 a* 
Growth tm glwose-nutrient agar better 
- than on nutrient agar. 
38 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO Oz: aerobic, anaerobic, facultative, micro- 
aerophilic. 
CATALASE : positive, negative. 
TEMPERATURE RELATIONSHIPS: age _. 17 da. 
Growth at 10°C.+ 20°C. L, 0 a " C . L  Ba"+ 
45"C.', 55"C.2-.PC.;. 
SOLE CARBON SOURCE: age _. 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: positive, nepatiue. 
N&' AS SOLE NITROGEN SOURCE: positive, 
negative. - 
REDUCTIONS: 
Nitrate: NOz-2!L., NH,+-, gas-, negative, 
Methylene blue: positive, negative. 
Selenite: positive, 
Tellurite: w a t i v e .  
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid-, alkaline-, neutral, gas. 
Sucrose: a c i d ,  alkaline-, neutral, gas. 
Lactose: acid-, alkaline-, neutral, gas. 
Xylose: a c i d ,  alkaline-, neutral, gas. 
Mannitol: ac id - ,  alkaline, neutral, gas. 
- 
HYDROLYSIS : 
Gelatin: posititie, m. 
Casein: positive, m. 
Fat: positive, negative. 
Starch: J&&& negative. 
Cellulose: positive, negative. 
Urea: p m  negative. slight 
TOLERANCES: 
Salt: Z%-ppSitiue negative. 
7%-positive, negative. 
10%-positive, negative. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, a & & ? ,  neutral. 
Curd: acid, alkaline, &&, gas. 
Peptlonization: positive, qgg@& 
Reduction: p-, negative. Slight. 
OTHER REACTIONS: 
: positive, -Anaerobic nitrate broth: ns gas. 12 da. Hzs negative. from-- 
NH;' from peptone: positive, negative. 
DNA Acetylmethylcarbinol: positive, m. 
G:C Indol: positive, neeatiye. 
G+C ~ _ _  moles % Methyl red: positive, negative. 
13-a. 
3 b. 
5. 
12. 
12. 
OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 
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Descriptive Chart 
248Aa-2 (#25/TSA) . T - m i c a s e  SOY bar 
(code number) (medium) 
WC0b;lC t e r i q  Sp. * __ 2goc. __ 
(name of organism ) ( temperature ) (studied by) 
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
F O ~ :  d, emis-nted. 
fikzmnts, cocci, spiraki, 
branching 
Size: average - 
Irregular forms: 
range - See Dichotomous K q  P. 16. 
NIGROSIN STAIN: 
24 hr. 
PASTEURIZATION SURVIVAL (85"C, 10 minutes) h @ t i V 8 .  
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not wo&n,. 
Shape: spherical, ellipsoidal, cylindrical, oval. 
size: average - 
Position: central to acentric, terminal, subterminal. 
range - 
MOTILITY: age LLAL-.. 
Flagella: NIGROSIN STAIN: 
OTHER STAIR'S : 24 hr. 
Acid fast: 
Capsule: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
%€entity of th i s  isolant resembles Sco bacterium brevi .de  Krasil!nikov or  
- M. rubrooertinctuq (Hefferan) Ford 1927 (Jensen, 1934). 
11. CULTURAL CHARACTERISTICS 
(+25/'f%) 
AGAR STROKE: age 
Amount of growth: abundant, -e, scant. 
Form: abmescent, beaded, echinulate, &use, fiLm, rhiz- 
old, spreading. 
Consistency: adherent, brittle, buwrous, membranous,=ist; 
slimy, 8 9 ,  tough, viscid, W M ~ .  
AGAR COLONIES: age 213 h- 
Macroscopic 
size: 0.5 mm. 
Shape: filamentous, irregular, oval, puntiform, round. 
Elevation: beveled, convex, effuse, flat, papillate, p,ubln- 
TopogrTlphy: contoured, rough,moth, striated, wrinkled. 
Habit: comvact, spreading. 
ate, raised, rugose, umbonate. 
Microscopic (100~) 
Margin: Ciliate, cleft, crenate, entire, erose, granular, 
Internal structure: dense, filamentous, granu- 
lobed, rhizoid, undulate. 
b r  (fine, coarse- ed, striuted. 
Optical properties 
Appearance by reflected light: dull, fluorescent, g&&~- 
ing, iridescent, opalescent. 
Appearance by transmitted light: opaque, translucent, 
tramparent. 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
Trypticase soy agar L t o h ~ q U S r  Red 
Potato slant 
yellowed, u-. 
(medium) ( color ) (CHM No.) 
6 
NUTRIENT BROTH: age 
Amount of growth: abundunt, moderate, scant. 
Surface growth: none, frOcc@nt, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, flab, flocculent, granular, viscid. 
Odor: resembling - 
GELATIN STAB: age 73. 
Liquefaction: crateriform, infundibuliform, napiform, 
saccate, str=m. 
Rate: fast, moderate, slow. 
OTHER GROWTH CHARACTERISTICS : 
Soybean infusion agarllb-rrt p h h .  
Fat agar: Grawth, 
Glucose-nitrate agar: E30 m h o  12 da. 
Growth 0111 glwose=nutrbnt agar better 
-than gnowth oa n&rient agar. 
40 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 02: &, awrobic, facultative, micro- 
aerophilic. 
CATALASE: p-, negative. 
TEMPERATURE RELATIONSHIPS: age 17 da. . 
Growth at 1 0 " C . A  20°C. A, WC.L! l ,  BU'2!L, 
4 5 " C . L ,  55°C.". Pc .A. 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose : positioe, negative. 
Citrate: positive, negative. -l3-.b. 
N&' AS SOLE NITROGEN SOURCE: -, 
negative. 3aa. 
REDUCTIONS: 
Nitrate: NOz-+ NH4+- gas- negative. 
Methylene blue: positive, negative. 
-5.&0 
Selenite: positive, tgg&&g. 3 G i i o  
Tellurite: negative. 4 a0 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid& alkaline-, -1 C 
Sucrose: acid- alkaline-, neutral, gas. 
- 
Lactose : acid-, alkaline-, neutral, gas. 
Xylose: acid-, alkaline- neutral, gas. 
Mannitol: acid- alkaline, neutral, gas. 
- 
HYDROLYSIS: 
Gelatin: p_ositivs, negative. 
Casein: positive, n e e .  
Fat: positive, 
Starch: &e, nega t i ve .d igh t .  
Cellulose: positive, negative. 
Urea: p o a e ,  negative. slight . 
TOLERANCES: 
Salt: S X - e e ,  negative. 
%-a negative. 
l O % - p m ,  negative. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, &,&ne, neutral. 
Curd: acid, alkaline,&&, gas. 
Pephnization: positive, negative. 
OTHER REACTIONS: 
HzS from : positive, 
N&+ from peptone: positive, negative. 
negative. Bnaembicr &txa,te brathr m gas, 12 da. 
DNA Acetylmethylcarbinol: positfoe, ?ggg&, izdk 
G:C - - ~  Indol: positive, negative. 
G+C moles % Methyl red: positive, negative. 
OREGON STATE 
DEPARTMENT OF 
(JPL-NASA) 
Descriptive Chart 
247Bb (B4) 
(code number) 
(name of organism) (temperature) 
L I. STAINlNG Q MORPHOLOGICA 
CHARACTERTSTICS 
MORPHOLOGY: 
Form: r&i, eflcrsrounddcpoZnted. 
filaments, cocci, spirals, 
branching 
Size: average - 
range - 
Irregular forms: 
GRAM REACnON?OSitiVe. 
18 hrs: 
24 hrs: 
NIGROSCN 
TSA 
STAINa 
24 hr. 
PASTEURIZATION SURVIVAL (85"C, 10 minutes) :Negative 
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swollen, not swolkn,. 
Shape: spherical, ellipsoidal, cylindzical, MMZ. 
size: average - 
, 
Position: central to acentric, terminal, subterminal. 
NIGROSIN STAIN: 
GLUCOSE-NITRATE AGAR: range - 
MOTILITY: age f da - legative. 
Flagella: 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
CrystaUine dextrins: 
Fat globules: 
Metachromatic granules: 
AMMONIUM 
MIGROSIN STAIN: 
UTIIZZATIOM AGAR: 
24 hr. 
*mb 
(W) 
11. CULTURAL, CHARACTERISTICS 
AGAR STROKE: age 16 a- . 
Amount of growth: &&&moderate, scant. 
Form: aborescent, beaded, echinulate, &use, f.;Ic@rm. rhiz- 
Consistency: adherent, brittle, -, membranous, &, 
AGAR COLONIES : age L. 
oid, spreading. 
slimg, s@, tough, viscid, waxy. 
Macroscopic 
size: 2 m m .  
Shape: filamentous, irregular, oval, puntiform,& 
Elevation: beveled, effuse, pat, papillate, pulvin- 
Topography: contoured, rough, d r i a t e d ,  wrinkled. 
Habit: compact, spreading. 
ate, raised, r u g o s w o n a t e .  
Microscopic (1OOx) 
Margin: Ciliate, cleft, crenute, entire, erose, granular, 
lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous, a- - lar (&coarse), interlaced, striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, g h -  
Appearance by transmitted light: -translucent, 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
ing, iridescent, opalescent. 
tramparent. 
yellowed, unchanged. 
(medium) ( color ) (CHM No.) 
Trypticasesoyagar L t  I v O q  2 c a  
Potato slant 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, fiocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, jlakg, flocculent, granular, viscid. 
Odor: resembling 
GELATIN STAB: age 14 d- . 
Liquefaction: none, craterifonn, infundibuliform, napiform, 
saccate, stratifoml. 
Rate fast, moderde, s k .  
OTHER GROWTH CHARACTERISTICS: 
Soybean infusion a g a r A b a d n t  W d h .  
Fat agar: -he 
Glucose-nitrate agar:Ab-+ growth. 1 da. 
Growth on glwosenutrient agar mre 
-abundant than on nutrient agar (both 
abundant). 
42 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 0%: &, anaerobic, facultative, micro- 
CATALASE: p a v e ,  negative. 
TEMPERATURE RELATIONSHIPS: age 
aerophilic. 
Growth at 10°C.+ 20°C. + Se.C.& #O’& 
45°C.”. 55°C. P G ,  
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: p negative. acid LA& 
1 da. NH,‘ AS SOLE NITROGEN SOURCE: oositioe, negative. 
2da, ?* 
REDUCTIONS: 
Nitrate: NOz-- NH,+-.--, gas- -* 
Methylene blue: positive, negative. 
Selenite: positivg, negative. 
Tellurite: positive, 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose:%cid?& alkaline-, neutral, gas. 
Sucrose: a c i d ,  alkaline- neutral, gas. 
Lactose: acid- alkaline-, neutral, gas. 
Xylose: acid-, alkaline-, neutral, gas. 
Mannitol: a c i d - ,  alkaline, neutral, gas. 
- 
HYDROLYSIS : 
Gelatin: positive, negative. 
Casein: positive, negative. 
Cellulose: positive, 
Urea: positive, negative. 
TOLERANCES: 
Salt: 2%--, negatice. 
7%-positive, nenatk,P. 
10%-positive, nehntiup. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, a, neutral. 
Curd: acid, alkaline,- gas. 
Pepqonization: positive,-. 
Reduction: m e ,  negative. Slight 
OTHER REACTIONS: 
negative. 
H2S from : positive, 
her0M.e nitrate broths 14 da. NH,+ &om peptone: positive, negative. 
G: C 
G+C moles % Methyl red: Positive, neRatiVe. 
D N @ - ~  88 ~~~~ agar: A b w n t  @h* Acetyhethykarbinol: positive, negative. 
Indol: positive, n a v e .  
lkd& 
4-k 
40AU 
-64aU = 
2_da, 
2 cia, 
14 da. 
14 da. 
l!k& 
3Laa.9 
14 da, 
OREGON STATE UNIVERSITY 43 
DEPARTMENT OF MICROBIOLOGY 
(JPL-NASA) 
Descriptive Chart 
27k (#6-2Od) Trgptimse Soy Agar 
( d e  number) (medium) 
(name of organism) (studied by) 
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
NIGROSIN STAIIt 
Form: r&, 72 hr. 
size: average - Length 24' hr. cells average 1 . 2 ~ .  
Diameter 72 hr. cells 0.74-1.25~. 
Irregular forms: Rest ing   ells 2 . 2 ~  diameter. 
Coccoid. 
MORPHOLOGY: 
filaments, cgg& spirals, 
branching 
range - 
Majority of cel ls  0.811 diameter. 
GRAM REACTION: Positive. 
18 hrs: 
24 hrs: 
PASTEURIZATION SURVIVAL (85"C, 10 minutes) :Negative* 
Sporangia: none, rods, spindles, elliptical, clavate, drumstick. 
Endospores: swobn, not s w o h , .  
shape: spherical, ellips&l, cylindrica& owl. 
Position: central to excentric, terminal, subterminal. 
size: average - 
range - 
MOTILITY: age 1 9 1 g g a t i ~ e .  
' Flagella: 
OTHER STAINS : 
Acid fast: 
Capsule: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
NIGROSfN STAINS: 
NIGROSIN S T U N :  
72 hr. 
27411 
11. CULTURAL CHARACTERISTICS 
(%-2od) - -  
AGAR STROKE: age 10 a- . 
Amount of growth: abundant, moderate, sea. 
Form: aborescent, beaded, echinulate, &use, filiform, rhiz- 
oid, spreading. 
Consistency: adherent, brittle, membranous,-, 
slimy, sa tough, viscid, wary. 
AGAR COLONIES: age 20. 
Macroscopic 
size: hL- mm. 
Shape: filamentous, irregular, oval, p- round. 
Elevation: beveled, convex, &use, flat, papillate, pulvin- 
Topography: contoured, r o u g h , m h ,  striated, wrinkled. 
Habit: compact, spreading. 
ate, raised, rugose,”liiizbonate. 
Microscopic (1OOx) 
Margin: Cilhte, cleft, crenate, m e ,  erose, granular, 
lobed, rhizoid, undulate. 
Internal structure: amorphous, dense, filamentous, w- 
131;r -coarse), interlaced, striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, &&j- 
Appearance by transmitted light: opaque, translucent, 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
ing, iridescent, opalescent. 
trarwarent. 
yellowed, u n w e d .  
(medium) ( col& ) (CHM No.) 
Trypticase soy agar hdd. Or‘aXlg8 4iu 
Potato slant 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, flukg, flocculent, granular, viscid. 
Odor: resembling - 
GELATIN STAB : age 73. 
Liquefacti6n: n crateriform, infundibuliform, napiform, 
saccate, str#%m. 
Rate: fast, moderate, slow. 
OTHER GROWTH CHARACTERISTICS: 
grrorjth. 
r than an TU). 
14 da, 
rm g-h on 
J44 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 0,: aerobic, anaerobic, fd ta t ive ,  e o -  
aerophilic. -
CATALASE : w, negative. d%ght 
TEMPERATURE RELATIONSHIPS: age .7. + Growth at 10°C.2L, 20°C __f 
45°C.”- 55”C.L.  1 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positiue, negative. 
negatiue. &Qht . 3.Ida. 
14 da. NITROGEN SOURCE: positiue, 
REDUCTIONS: v8 a ht. 
Nitrate: NO*--&, Ng-, fas- negative. 
Methylene blue: positive, negative. 
Selenite: positive, m&e. %-&. 
Tellurite: positiue, -. 11 da. 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: a c i d ,  alkaline- neutral, gas. 
Sucrose: acid- alkaline- neutral, gas. 
Lactose: acid.-, alkaline-, neutral, gas. 
Xylose: acid_,  a l k a l i n e ,  neutral, gas. 
Mannitol: acid- alkaline, neutral, gas. 
- 
HYDROLY SZS : 
Gelatin: positiue, n-. 16. 
Casein: positiue, m. 31 da. 
14. 
11. 
Cellulose: positiue, i l i a  
il. 
Salt: 2%-positive, peeative. 6. 
7%-positive, neeativG 21 da. 
lOX;-positive, w e .  21 do. 
Reaction: acid, alkaline, rlerctrplp 89. 
TOLERANCES : 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Curd: acid, au(aline,&g& gas. 
Pepdonization: positive, negative. 
Reduction: positive, -. 
OTHER REACTIONS: 
H2S from : vosftiue. 
ha no gas. 12 dar. negative. 
binol: positive, w e .  12 ds. 
12. 
Methyl red: positive, negative. 
OREGON STATE UNIVERSITY 4s 
DEPARTMENT OF MICROBIOLOGY 
(JPGNASA) 
246a ( #26/TSA 
(code number) 
Bacillus eeretlgi 
(name of organism) 
Descriptive Chart 
(source) 
2 m.ue,At-r"t 
(medium) 
20%. W.B. Bollen& K.M. Kernper 
(temperature) (studied by) 
. I. STAINING 6. MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Form: rods, en&-&;
jikGzt8, cocci, spirals, 
branching 
Size: average - 
range - 
Irregular forms: 
GRAM REACTI0N:POdtiVB. 
18 hrs: 
24 b: 
48 hrs: 
WIGROSIN STAIN: 
PASTEURIZATION SURVIVAL (sot, io minutes): Positive. 
Sporangia: none, r&, spindles, elliptical, chat%, drumstick. 
Endospores: swollen, not swollen,. 
. Position: central to excentric, terminal, subterminal. 
shape: spherical, &&&& ~ U l i n d r i c a l ,  oval. 
size: average - 
range - 
MOTILITY: age 
Flagella-: 
OTHER STAINS: 
Acid fast: 
Capsule : 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic grades:  
SPORE STAIN: 
246a 
11. CULTURAL, CHARACTERISTICS 
(W/TW 
AGAR STROKE: age 22 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, effuse, fliform, rhiz- 
Consistency: adherent, brittle, bu turw ,  membranous, m_oist, 
oid, spreading. 
slimy, &, tough, viscid, waxy. 
AGAR COLONIES: age 23. 
Macroscopic 
size: f i m m .  
Shape: filamentous, irregular, oval, puntiform, round. 
Elevation: beveled, convex, duse, &pap i l la t e ,  pulvin- 
Topography: contoured, rg,& smooth, striated, wrinkled. 
Habit: comp&, spreading. 
ate, raised, mgose, umbonate. 
Microscopic (100~)  
46 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO Ox: aerobic, anaerobic, facultative, micro- 
aerophilic. 
CATALASE: p=ve, negative. 
TEMPERATURE RELATIONSHIPS: age 17 dir. 
Growth at lO"C.-&, 
SOLE CARBON SOURCE: age 
Margin: Ciliate, cleft, entire, erose, granular, 
lobed, rhizoid, u n d u e  
Internal structure: amorphous, dense, filamentous, m- ... lur (fine, -e), interlaced, striated. 
Optical properties 
Appearance by reflected light: El, fluorescent, glisten- 
ing, iridescent, opalescent. 
Appearance by transmitted light: opaque, translucent, 
tramparen6 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
yellowed, -.
(medium) ( color ) (CHM No.) 
Trypticase soy agar Lt  1 ~ 0 ~  2 =. 
Potato slant 
NUTRIENT BROTH: age --. 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, f k k g ,  flocculent, granular, viscid. 
Odor: resembling __ 
GELATIN STAB: age 
Liquefaction: none, crateriform, infundibuliform, napiform, 
saccate, stratiform. 
Rate: fast, moderate, slow. 
OTHER GROWTH CHARACTERISTICS: 
soybean infusion a g a r A b e  growth. 
Fat agar: 
Glucose-nitrate agar: growth. 7 a. 
Wowth on glumseaatrient agar better than Reduction: oo.ritiorz. negative. 
- on nutriemt agar. OTHER REACTIONS: 
H2S from : positive, 
NHI+ from peptone: positive, negative. 
Anaerobic nitrate broth: 1310 gas. 12 da. negative. 
DNA Acetylmethylcarbinol: g&, negative. 
G:C __-____ Indol: positive, negative. 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: Po-e, negative. 
N W  AS SOLE NITROGEN SOURCE: 
negative. 
-Ma t Positive (no acid). 
REDUCTIONS: 
Nitrate: NO2--, NH4+.-. gas.-.aeg&ue. 
Methylene blue: positive, negative. 
Selenite: PO-, negative. 
Tellurite: positive, negative. 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid-, alkaline-, neutral, gas. 
Sucrose: acid--, alkaline-, neutral, gas. 
Lactose: a c i d - ,  alkaline, neutral, gas. 
Xylose: acid-, alkaline-, neutral, gas. 
Mannitol: acid-, alkaline, nmtml, gas. 
- 
HYDROLYSIS: 
Gelatin: positive, negative. 
Casein: PO&, negative. 
Fat: positive, negutive. 
Cellulose: positive, 
Urea: positive, negatiue. 
TOLERANCES : 
Salt: 2%-positive, negative. 
7%-p-e, negative. 
10%-positive, negative. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, neutral. 
Curd: acid, alkaline, &t, gas. 
Peptlonization: vositive, negative. 
G+C ___ moles % Methyl red: positive, negative. 
OREGON STATE UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 
(JPL-NASA) 
Descripgive Chart 
2(;fl4-- -- W e  Ataaalma Desert 
(code number) (medium) (SOUrCe) 
prem- 2SoC W.B. Bollen &C K.H. Kennper 
(name of organism) (temperature) (studied by) 
- . _  
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Form: d e D  en& uare & Ipund. 
@men&, cocci, spimls, 
branching 
Size: average - 
range - 
Irregular forms: 
NIGROSIN STAIN: 
GRAM REACTION: Positive 
18 hrs: 
24 hrs: 
48 hrs: 
PASTEURIZATION SURWAL (85"C, 10 minutes) ?oatim 
Sporangia: none, &, spindles, elliptical, clavateD drumstick. 
Endospores: swollen, not swollen,. 
Shape: spheical, e&&&& CyZindricaZ, d. 
size: average - 
Position: cpltra 1 to ercentric, terminal, subtermintd. 
rang6 - 
MOTILITY: age --. 
Flagella: 
OTHER STAINS: 
Acid fast: 
Capsule : 
Glycogen: 
crystauine dextrins: 
Fat globules: 
Metachromatic granules: 
SPORE STAIN< 
26OA 48 
111. PHYSIOLOGICAL CHARACTERISTICS 
605-187 
RELATIONSHIP TO 02: &, anaerobic, facultative, micro- 
CATALASE: positive, negative. 
aerophilic. 
TEMPERATURE RELATIONSHIPS: age 7 da* 
Growth at lO"C.&, 20°C. -.&, WC.& Op)"+ 
4 5 " C . L  55°C.'. 9oc *A. joac,,. 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
11. CULTURAL CHARACTERISTICS 
age 34 da- 
W 5 l T W  
AGAR STROKE: 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinukte, &me, filiform, rhiz- 
Consistency: adherent, brittle, w, membranous, & oid, spreading. 
slimy, &, tough, viscid, waxy. 
AGAR COLONIES: age 14 da. 
Macroscopic 
size: 3 m m .  
Shape: filamentous, &g&ar, oval, puntiform, round. 
%~FTYPJ E&XT I O N S ~ ~ A ~ ~ ~ ~ ~ ~ ~  A&* 
Elevation: beaeled, convex, effuse, 
Topography: contoured, rough,sm&striated, wrinkled. 
Habit: compact, spreading. negative. 
CI a e :  p SE me, 
N&' AS SOLE NITROGEN SOURCE: m e ,  
ate, raised, rugose, umbonute. 
5* - -Microscopic (100~) 
Margin: Ciliate, c e, entire, =e, granular, REDUCTIONS : 
lobed, rhizoid, 
Internal structure: 
Iar (fine, coarse 
Nitrate: NOs-- NH*+-, gas--, negatiue. 
Methylene blue: positive, negative. 
- 
Optical properties Selenite: positive, negative. 
Appearance by reflected light:-eEtctl,c$lb#b&@ @- T RAI?@!N@: Positive, negative. 
ing, iridescent, opalescent. - 
Appearance by transmitted lig&ex$piyq@er&T c 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
transparent. %~A&IvE-FERMENTATIVE R ACTIONS 
Glucose: a c i d ,  alkaline, neutral, gas. 
yellowed, -d. Sucrose: acid-, alkaline- neutral, gas. 
Lactose: a c i d ,  alkaline-, neutral, gas. 
(medium) ( color ) (CHM No.) Xylose: acid-, alkaline-, neutral, gas. 
Mannitol: acid-, alkaline, neutral, gas. Trypticase soy agar Lt Imw 2 ca 
'Iant TEST SUPPORT BY OPERATK>NS TEAM - 
- HYDROLYSIS: 
Gelatin: positive, negative. 
NUTRIENT BROTH: -&@IF OVT . Casein: w. negatiue. 
Fat: positive, negative. 
Cellulose: positive, negative. 
Urea: positive, negative. 
Amount of growth: abundant, moderate, scant. 
Subsurfa& growth: none, granulur, turbid. 
Sediment: none, compact, PakY, f sE 
Odor: resembling - 
surface growth: none, floccuknt, m*S#S, &?&szA&G Starch: positive, negative. 
TOLERANCES : 
GELATIN STAB: age Salt: I%- negatice. 
7%- negative. 
10%-positive, 
Liquefaction: none, csateriform, infundibuliform, napiform, 
saccate, stratiform. 
Rate: fa&, moderate, slow. pH: acid , alkaline 
OTHER GROWTH CHARACTERISTICS: LITMUS MILK REACTIONS: 
Soybean infusion agar: gTowth Reaction: acid, &&e, neutral. 
Fat agar: Curd: acid, alkaline-, gas. 
Glucose-nitrate agar: m d h .  7 Pepqonization: m e ,  negative. 
Reduction: PO-, negative. Glwse-nlltrient agar grewth sl ight ly  
- better than nutrient agar. 
OTHER REACTIONS: 
H2S from --: positive, 
NH4+ from peptone: positive, negative. 
_Anaerobic nitrate bmthr 86 gas. 12 da, negative. 
DNA Acetylmethylcarbinol: negative. 
G:C ____________ Indol: positive, n e e .  
G+C - moles % Methyl red: positive, negative. 
6* 
1 da, 
6 da. 
11 da. 
5 e  
89 &a. 
2. 
3 d a .  
12 da, 
.l.&&&da, 
B-3  
OREGON STATE UNIVERSITY 49 
DEPARTMENT OF MICROBIOLOGY 
(JPL-NASA) 
Descriptive Chart 
260b (#26/TSA) 
(code number) 
B@&&&& sp.* 28OC. W.B. Bollen i% K.M. , K e n p e r  
(name of organism) (temperature) (studied by) 
I. STAINING d7 MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Form: &, 
filaments, cocci, spirals# 
branching 
Size: aoerage - 
range - 
Irregular forms: WIGROSIN S'lYiIH: 
PASTEURIZATION SURVIVAL (SSOC, io minutes) Positive, 
Sporangia: none, T&, spindles, elliptical, clavate, drumstick. 
Endospores: s w o l h ,  not swollen,. 
Shape: spherical, ellipsoidal, cgZindri~4 owt. 
size: average - 
Position: central to excentric, terminal, subterminal. 
range - 
SPORE 
M O W .  age 
Flagella: 
STAIN: 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
crystauine dextrins: 
Fat globules: 
Metachromatic grades: 
*The aell  size of this microorganism places it fnto Group I of the dichotomous key 
for g e n w v t q .  The p ~ s i e ~ . ~ g i c a ~ .  re ctions of tHs isofant are rmt in  close 
accordanue with either asus meeateri um nor E. cereus. 
260b 
11. CULTURAL CHARACTERTSTICS 
( # W T W  
AGAR STROKE: age 16 *- 
Amount of growth: abundant, moderate& scant. 
Form: aborescent, beaded, echinulate, &e, ,@formA rhiz- 
Consistency: adherent, brittle, butwous, membranous, moist, 
oid, spreading. 
slimy, &t, tough, viscid, waxy. 
AGAR COLONIES: age .r6. 
Macroscopic 
size: 3 m m .  
Shape: filamentous, irregular, oval, puntiform,& 
Elevation: beveled, convex, effuse, &, papillate, pulvin- 
Topography: contoured, rough, m a  striated, wrinkled. 
Habit: spreading. 
Margin: Ciliate, cleft, erenute, entire, erose, granular, 
Internal structure: a m  how, dense, filamentous, granu- 
ate, raised, rugose, umbonate. 
Microscopic ( 1OOx) 
lobed, rhizoid, t&&& 
lar (fine, coarse l&bd, striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, glisten- 
ing, iridescent, opalescent. 
Appearance by transmitted light: opaque, translucent, 
transparent. 
Medium: bhkened, blued, browned, grayed, greened, 
Chromogenesis : 
yellowed, unchanged. 
(medium) (color) (CHM No.) 
Trypticase soy agar BiSqm 3 ee 
Potato slant - - 
NUTRIENT BROTH: age -_-. 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, jlaky, fiocculent, granular, viscid. 
Odor: resembling - 
GELATIN STAB: age 
Liquefaction: none, craterifom, infundibuliform, napiform, 
saccate, stratiform. 
Rate: fast, moderate, sbw. 
OTHER GROWTH CHARACTERISTICS: 
Soybean infusion a g a r : A b a t  W h .  
Fat agar: 
Glucoseni~ate agar: Ib m h e  12 da. 
Slight gmwth nutrient agar; rm growth 
- glucsse-nvctrient agar. 
5Q 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 0%: &, anuerobic, facultdice, micro- 
CATALASE: positive, negative. 
aerophilic. 
TEMPERATURE RELATIONSHIPS: age -.
Growth at 10°C.& 20°C 3, W C k  m& 
4 5 " C . L  55°C.". 9 c . a  5O@Ce&. 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate: positive, negative. 
NH,' AS SOLE NITROGEN SOURCE: ppsitiue, 
negative. 
REDUCTIONS: 
- &nnitolt P o d t L v e  (no acid) 
Nitrate: NO*-% NH,+-, g a s - ,  negative. 
Methylene blue: positive, negative. 
Selenite: positive, negative. slight . 
Tellurite: positive, negative. 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: acid-, alkaline-, neutral, gas. 
Sucrose: acid-, alkaline-, neutral, gas. 
Lactose: acid-, alkaline-, neutral, gas. 
Xylose: acid, alkaline-, neutral, gas. 
Mannitol: acid-, alkaline, neutral, gas. 
HYDROLYSIS : 
Gelatin: *e, negative. 
Casein: positive, neaatiue. 
Fat: positive, negutive. 
Starch: w, negative. 
Cellulose: positive, ne-e. 
Urea: positive, negative. 
TOLERANCES: 
Salt: 2%-positive, negative. 
7%-positive, m. 
IO%-positive, negative. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, &. 
Curd: acid, alkaline, absent, gas. 
Pepdonization: positive, w i v e .  
Reduction: positive, nmat&g. 
OTHER REACTIONS: 
H,S from : positive, 
NH,+ from peptone: positive, negative. 
Indol: positive,- 
Anaembie nitrate broth: no gas: 12 da. negative. 
DNA Acetylmethylcarbinol: positive, m. 
G:C -- 
G+C moles R; Methyl red: positive, negative. -- 
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Descriptive Chart 
2m (46-m) Tmicase SOY Agar Chile Atacama Desert 
&&&ggp- 28%. W.B. Bollen & K.M. Kernper 
( source ) (code number) (medium ) 
(name of organism) (temperature) (studied by) 
- 
I. STAINING 6 MORPHOLOGICAL 
CHARACTERISTICS . 
MORPHOLOGY: 
Form: r&P- 
filaments, cocci, spirals, 
branching 
Size: auerage - 
range - 
Irregular forms: 
NIGROSIN STAIN 
PASTEURIZATION SURVIVAL ( 85"C, 10 minutes ) : h S i t i V e .  
Sporangia: none, rod ,  spindles, elliptical, clauate, drumstick. 
Endospores: swollen, not swollen,. 
Shape: spherical, ellipsoidal, cylindric4 ml. 
size: average - 
Position: central to excentric, terminal, subterminal. 
SPORE STAIN range - 
MOTILITY: age 
Flagella: 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
240a 
11. CULTURAL CHARACTERISTICS (#-mil) 
AGAR STROKE: age i l i-da. .  
Amount of growth: abnlldant.moderate, scant. 
Form: aborescent, beaded, echinulate, e f h e ,  jliform, rhiz- 
oid, spreading. 
Consistency: adherent, brittle, hutvuzus,membranous, @&, 
slimy, s a ,  tough, viscid, waxy. 
AGAR COLONIES: age -ItLk--. 
Macroscopic 
size: 2 mm. 
Shape: fimmtoua, irregular, oval, puntif o m ,  round. 
Elevation: beveled, effuse, flat, papillate, pulvin- 
Topography: contoured, r& smooth, striated, wrinkled. 
Habit: compact, spreading. 
Margin: Ciliate, cleft, crenate, entire, erose, granular, 
Internal structure: amorphous, dense. filamentous, granu- 
ate, raised, rugos=onate. 
Microscopic (1OOx) 
lobed, rhizoid, undulate. 
lar (fine, coarse), interlaced, strtated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, 
ing, iridescent, opalescent. 
Appearance by transmitted light: o a ,  translucent, 
transparent. 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
yellowed, unchanged. 
(medium) (color) (CHM No.) 
Trypticase soy agar L t  IVOv 2 ea 
Potato slant 
NUTRIENT BROTH: age ~~. 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, flaky, flocculent, granular, viscid. 
Odor: resembling - 
GELATIN STAB: age -. 
Liquefaction: none, crateriform, infundibuliform, napiform, 
saccate, stratif orm. 
Rate: fast, mo&rate, sbw. 
OTHER GROWTH CHARACTERISTICS: 
Soybean infusion agar: Abundant *h. 
Fat agar: 
Glucose-nitrate agar: (5tllrmth. 1 2 da . 
GmwiA on ntxbrient agar better than on 
- glwse- nutrient agar. 
52 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 02: &nae7obic, facultatiue, micro- 
aerophilic. 
CATALASE: positive, negative. 
TEMPERATURE RELATIONSHIPS : age 1 k .  
Growth at 1 0 " C . L  20°C. W C &  rira"& 
45"C.3,55"C.'!.9C.'* 5@C.+. 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
Citrate : positive, negative. 
SOURCE: positive, 
negative. 
3 f a r d b l t  Positive. acid. 
REDUCTIONS: 
Nitrate: NOz--, NHa+-, gas-, 
Methylene blue: positive, negative. 
Selenite: positive, negative. 
Tellurite: positive, negative. 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: a c i d ,  alkaline-, neutral, gas. 
Sucrose: acid, alkaline, neutral, gas. 
Lactose: acid-, alkaline-, neutral, gas. 
Xylose: acid- ,  alkaline-, neutral, gas. 
Mannitol: ac id - ,  alkaline, neutral, gas. 
- 
HYDROLYSIS: 
Gelatin: positive, negative. 
Casein: positive, negative. 
Fat: positive, negative. 
Starch: positive, n a  
Cellulose: positive, negative. 
Urea: positive, negative. 
TOLERANCES: 
Salt: 2%-positiue, negative. 
7%-positive, negative. 
10%- negative. 
pH: acid-, alkaline-..---_-. 
LITMUS MILK REACTIONS: 
Reaction: acid, &&ge, neutral. 
Curd: acid, alkaline, ab&, gas. 
Peptbnization: w, negative. 
Reduction: m e ,  negative. 
OTHER REACTIONS: 
&S from --: vositive, Anaerobic nitrate bmtht IW gas. 12 da. negative. 
NH4+ from peptone: positive, negatioe. 
DNA Acetylmethylcarbinol: positive, negative. 
G:C Indol: positive, negative. 
-- 
-43. 
5. 
6 da. 
12 da. 
4. 
-- 
G+C moles % Methyl red: positive, negative. -- 
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(6) 277a -2 w- 
( source ) ( code number ) (medium) 
Bacillus coamla ns ~- 2soc. W.B. Bollen & E.M. Kempe r 
(name of organism) (temperature) (s tudied by) 
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Fonn:rods,ends m d  
filaments, coccf, spiraki, 
branching 
Size: auerage - 
range - 
Irregular forms: 
GRAM REACTION~OSi t iVe  
18 hrs: 
24 hrs: NIGROSIN STAIN: 
48 hrs: 
PASTEURIZATION SURVIVAL ( 85"C, 10 minutes :Positive . 
Sporangia: none, &, spindles, elliptical, cluvate, drumstick. 
Endospores: s w o l h ,  d n , .  
Shape: spherical, &&&cylindrid, d. 
size: average - 
Position: ' tewninal,subtenninal. 
range - 
MOTILITY: age SPORE STAIN: 
Flagella: 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
Fat globules: 
Metachromatic grandes: 
crystauine dextrins: 
40 
277a-2 
(*I 
11. CULTURAL CHARACTERISTICS 
AGAR STROKE: age -. 
Amount of growth: *t, moderate, scant. 
Form: abore ent, beaded, echinulate, &use, filiform, rhiz- 
oid,Td.ki?.. 
consistency: adherent, brittle, membranous, 
slimy&, tough, ukcid, waxy. 
AGAR COLONIES: age 1 6 c k  . 
Macroscopic 
Shape: 
Elevation: beveled, convex, effuse, &t, papillate, puluin- 
Topography: contoured, rough, smooth, e, wrinkled. 
Habit: compact, spreading. 
Margin: Ciliate, cleft, crenate, entire, erose, granular, 
Internal structure: amorphous, dense, filamentous, granu- 
oval, puntiform, round. 
size: 3 m m .  
ate, raised, rugose, umbonate. 
Microscopic (100~)  
lobed, rhizoid, u n d u l a t e f w - t e  . 
lar (fine, coarse), * d ,  striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, &@a- 
&g, iridescent, opalescent. 
Appearance by transmitted light: opaque, 
transparent. 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
yellowed, unchanged. 
(medium) ( color ) (CHM No.) 
Trypticase soy agar B D b O  2 g= 
Potato slant 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, gianular, turbid. 
Sediment: none, compact, &ky, flocculent, granular, viscid. 
Odor: resembling - 
GELATIN STAB: age 
Liquefaction: none, crateriform, infundibuliform, nupiform, 
Rate: fast, mo&ate* slow. 
saccate, stratiform. 
OTHER GROWTH CHARACTERISTICS: 
soybean infusion agar: Moderate &rowtho 
Fat agar: 
Glucose-nitrate agar: Blo G r s v t h .  1 2 da . 
9 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 02: aerobic, anaerobic, facuZtative, mitre 
CATALASE: negative. 
pro& 
TEMPERATURE RELATIONSHIPS: age 17 
Growth at 10°C.+ 20°C. le.C..?-,&W& 
4 5 " C . L  5 5 ° c * 2  pc.& &PC.&. 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive; negative. 
Xylose: positive, negative. 
Citrate: positive, negative. 
N&+ AS SOLE NITROGEN SOURCE: positiue, 
m e .  
REDUCTIONS: 
- 
lhnit;j l  t legotilm. 
Nitrate: NO2-- NH4'- gas- a .  
Methylene blue: positive, negative. 
Selenite: positive, m. 
Tellurite : positive, n,egetiue. 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose:Sacid-P, alkaline-, tggtt&, gas. c 
Sucrose: acid-, alkaline-, neutral* 
Lactose: acid-, alkaline-, neutral, gas. 
Xylose: acid- alkaline-, neutral, gas. 
Mannitol: acid- alkaline, neutral, gas. 
- 
HYDROLYSIS: 
Gelatin: positive, negative. 
Casein: positive, m. 
Fat: positive, negative. 
Starch: positive, negative. 
Cellulose: posz 
Urea: positive wth 
TOLERANCES: 
Salt: B%--~~ositiue, negatice. 
7%--ositiue, negative. 
10%-positive, negative. 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, neutral. 
Curd: acid, alkaline, absent, gas. 
PepUonization: positive, w. 
Slight &h on n&riSnt agar; r y ~  gTowth Reduction: positive,negatiue. 
H,S from : positiue, 
NH++ from peptone: positive, negative. 
OTHER REACTIONS: - on g l w s e a u t r i e n t  agar. 
-8rraembic aitrats broth: no gas. 12 da, negative. 
DNA Acetylmethylcarbinol: positiue, negative. 
G:C 
G+C moles % 
Indol: positive, negative. 
Methyl red: positive, negatiue. 
l . Q a L  
12 da. 
14 da. 
12 da. 
16 da. 
r h k d a ,  
89. 
So. 
So. 
13Q. 
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Descriptive Chart 
277a-1 (#a TnmtiC9se say Agar Chile Atacama Desert 
(code number) (medium ) ( S O U - )  
W.B. Bollen & K.H. Kerm>er 
(temI?e=-) (studied by) 
:28% 
(name of organism) 
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Form: r& SndP-nutlrF-, 
ii,!aments, cocci, spirals, 
branching 
Size: average - 
range - 
Imguhr fonns: XCGROSIN STAIN: 
GRAM REA(;TIONPOS%t%m. 
18 hrs: 
24 hrs: 
48 hrs: 
PASTEURIZATION SURVIVAL ( SOC, 10 minutes :Positive a 
sporangia: none, &, spindles, elliptical, ckaoate, drumrttck. 
Endospores: swollen, not swollen,. 
~hape: spherical, ellivsoidal, clllindrical, d. 
size: average - 
Position: central to excentric, terminat, dtemaid. 
range - 
MOTILITY: age 
Flagella: 
OTHER STAINS: 
Acid fast: 
capsule: POSit iVe . 
Glycogen: 
Crystalhe dextrins: 
Fat globules: 
Metachromatic grades: 
SPORE STAIN: 
277a-1 56 
(p6) 
11. CULTURAL CHARACTERISTICS 
14 & AGAR STROKE: age 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 02: e, anaerobic, facultdiue, micro- 
CATALASE: positive, negative. 
aerophilic. Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, g h h u l u t k  &we, filiform, rhiz- 
Consistency: adherent, brittk, t)uturw, membranous& 'lTMPERATURE RELATIONSHIPS: age 
-oid, qreading. 
s h g ,  Hpf4, tough, uiscld, waxy. Growth at 10°C.2?L, 20°C. L!l, W C L  m0& 
45°C.- + 5°C.: 5Qc.A ,  $i€PC*&* 
AGAR COLONIES : age 16 da. 
Macroscopic SOLE CARBON SOURCE: age 
size: 3 . m m .  Glucose: positive, negative. 
Elevation: bmeled, convex, effuse, && papillute, pulvin- 
Topography: contoured, rough, smooth,striated, wrinkled. 
Habit: compact, spreading. negative. 
Margin: Ciliate, cleft, crenate, entire, erose, granular, REDUCTIONS : 
Internal structure: am0 hour, dense, filamentous, granu- 
Shape: filamentous, irregulart oval, puntiform, round. Sucrose: positive, negative. -- 
Citrate: positive, negative. 2LdxlL 
l!!uk 
Microscopic (1OOx) Mannitol t Negative . *14 da, 
-5.A&!! 
lhdL 
u . d a u  
Xylose: positive, negative. 
NHd' AS SOLE NITROGEN SOURCE: positive, 
ate, raised, rugose, umbonate. 
lobed, rhizoid, undulate. 
h r  (fine, coarse striated. 
Nitrate: NO1-+ NH++_, gas- negative. 
Methylene blue: positive, negative. 
Optical properties Selenite: positive,-. 
Appearance by reflected light: dull, fluorescent, -- Tellurite: positive, negative. 
.II ing, iridescent, opalescent. e 
Appearance by transmitted light: opaque, &amZuce& 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
Trypticase soy agar -1 
transparent. OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose:%cid%, alkaline, d - 0  
yellowed, unchanged. - Sucrose: acid-, alkaline, neutral, gas. 
Lactose: acid-, alkaline-, neutral, gas. 
(medium) ( color ) (CHM No.) Xylose: acid, alkaline-, neutral, gas. 
Mannitol: acid-, alkaline, neutral, gas. 3 is 
Potato slant - - - HYDROLYSIS: 
Gelatin: positive, negative. 3da. 
age Casein: positive, negative. rn 
Surface growth: none, flocculent, membranous, pellick, ring. Starch: positive, negative. l 4 d L  
Subsurface growth: none, grilnular, turbid. Cellulose: positive, negative. 6aAL 
Sediment: none, compact, j kky ,  flocculent, granular, viscid. Urea: positive, ne,G-<m growth) tu& 
Odor: resembling 
GELATIN STAB: age Salt: 2%-~ositive, negative. AAL 
Liquefaction: none, crateriform, infundibuliform, napiform, i'ZLpositive, negative. 11 da. 
10%-positive, negative. 11 da. 
NUTRIENT BROTH: 
Amount of growth: abundant, moderate, scant. Fat: positive, negative. 
TOLERANCES: 
saccate, stratiform. 
Flaw: fast, moderate, slow. pH: a c i d - - - -  , alkaline 
OTHER GROWTH CHARACTERISTICS: LITMUS MILK REACTIONS : 
soybean infusion agarJh  w h .  Reaction: acid, alkaline, n e e d .  m. 
Fat agar: Curd: acid, alkaline, gas. 89. 
Glucose-nitrate agar: NO growth, 12 &* Peptlonization: positive, negative. 89. 
Growth u g h %  on ZlUhie& agar: growth Reduction: positiueznegative. RQ* 
-on glucmse-nutrient agar, 
OTHER REACTIONS: 
H2S from : positive, 
NHa+ from peptone: positive, negative. 
h e r o b i u  nitrate bmth. Gas. 5 da, negative. 
DNA Acetylmethylcarbinol: positive, negative. 12. 
G:C Indol: positive, m v e .  12. 
G+C moles % Methyl red: positive, negative. 
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27% (f6-2od)-3&Pt icase Soy Aaar Chile A t a c a m a p a s a r t  
(code number) (medium) (source 1 
28%. % us, firmw * 
(name of organism) (temperature) (studied by) 
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Form: r&, efidsrrrtmd--, 
ements,  cocci, spirals, 
branching 
Size: average - 
range - 
Irregular fonns: NIGROSIN STAIN: 
GRAM REACTION ; Po sit ive . 
18 hrs: 
!?A hrs: 
48 hrs: 
PASTEURIZATION SURVIVAL (85"C, 10 minutes) :Positive, 
Sporangia: none, rprlp, spindles, elliptical, C~UU&, drumstick. 
Endospores: swoUen, uatsugh, .  
Shape: spherical, &g&&,& cylindrical, oval. 
size: average - 
Position: e a l  to acentric, terminal, subtenninal. 
range - 
MOTILITY: age 
SPORE STAIN: 
Flagella: 
OTHER STAINS: 
Acid fast: 
Capsule: 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
1 
Qily difference is casein hydrolysis. This isolant has m casein hydrolysis after 
30 days; 8. f%Blus has derate to wid0 eone of hydrolysis. 
11. CULTURAL CHARACTEZUSTICS 
27% 
(*-2w# 
age BAL---. 
Amount of growth: -der&, scant. 
Form: aborescent, beaded, echinulate, effuse, , rhiz- 
Consistency: adherent, brittle, butwous, membranous, m& 
AGAR STROKE: 
oid, spreading. 
slimy, so&, tough, viscid, waxy. 
AGAR COLONIES: age 14 a- 
Macroscopic 
size: 2 mm. 
Shape: filamentous, irregular, mal, puntiform, 
Elevation: beveled, convex, &use, f i t ,  papillate, puluin- 
Topography: contoured, rough, smooth, striated, wrinkled. 
Habit: spreading. 
Margin: Ciliate, ckft, crenute, entire, erose, granular, 
Internal structure: dense, filamentous, granu- 
1 
ate, raise& rugose, umbonate. 
Microscopic (100~)  
lobed, rhizoid, undulate. 
(fine, coarse-; striated. 
Optical properties 
Appearance by reflected light: dull, fluorescent, -- 
& iridescent, opalescent. 
Appearance by transmitted light: opaque, translucent, 
transparent. 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
yellowed, unchanged. 
(medium) (color) (CHM No.) 
~rypt ica~e  SOY agar Cinmuwn 3 le 
Potato slant 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellick, ring, 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, fkky,  floccylent, granular, viscid. 
Odor: resembling - 
GELATIN STAB: age 
Liquefaction: none, crateriform, infundibuliform, napiform, 
saccate, stratiform. 
Rate: fast, moderate, slow. 
OTHER GROWTH CHARACTERISTICS: 
soybean infusion agar& gToKth. 
Fat agar: 
Glucose-nitrate agar: MO g m h ,  12 da. 
Omwbh on nutrient agar; ILO grovth on 
- glucose-nutrient agar, 
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111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO 0%: PerpbiGI anaerobic, facultatiur, micro- 
aerophilic. 
CATALASE: positive, negative. 
TEMPERATURE RELATIONSHIPS: age Xi!-&-. 
Growth at lO"C._f, 20°C. -f, WC.& @W"-rL, 
4 5 " C . L  55°C.; 5oC,-, 50% .A* 
SOLE CARBON SOURCE: age 
Glucose: positive, negative. 
Sucrose: positive, negative. 
Xylose: positive, negative. 
NH,+ AS SOLE NITROGEN SOURCE: positive, 
Citrate: positive, negutive. 2-ua.O 
lL& yxativG - 
REDUCTIONS : 
Nitrate: NO2--?-, NH4'- gas- negative. _3* 
l h k o  
-0 
Methylene blue: positive, negative. 
Selenite: positive. negative. slight . 
Tellurite: positive? negativ& 
- 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: a c i d ,  alkaline-, - 
Sucrose: acid- alkaline- neutral, gas. 
Lactose: a c i d ,  alkaline-, neutral, gas. 
Xylose: acid-, alkaline, neutral, gas. 
Mannitol: acid-.-, alkaline, neutral, gas. 
HYDROLYSIS: 
Gelatin: positive, negative. _CI, 
Casein: positive, negative. Ri. 
Starch: positive, negative. Lda.0 
Cellulose: positive, ne ative. ho. 
ILdada, 
Salt: 2%-positive, negatiue. -L-dL 
7%-positiue, negative. 6 da. 
10%-positive, ngativg. LL da. 
Fat: positive, negutive. 
Urea: positive, negative. "t. 110 growth) 
TOLERANCES : 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, neutral. mda-0 
Curd: acid, alkaline, k n t ,  gas. &-& 
Peptlonization: positive, m. 89. 
Reduction: positive, rg&& 89. 
OTHER REACTIONS: 
H2S from : positive, 
NH4+ from peptone: positive, negative. 
Anaerobic nitrate broth8 rm gas. 12 da, negative. 
DNA Acetylmethylcarbinol: positive,- 12 da. 
G:C Indol: positive, EA.%. 
G+C moles % Methyl red: positive, negative. 
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( source ) ( d e  number) (medium) 
Bacillus fimmrs * 28%. W.B. Bollen & K.M. Kemper 
(name of organism) (temperature) (studied by) 
I. STAINING G MORPHOLOGICAL 
CHARACTERISTICS 
MORPHOLOGY: 
Form:& endp ~~ ? 
Jilaments, cocci, spirals, 
branching 
Size: amage - 
range - 
Irregular forms: 
GRAM R E A C T I 0 N : P o S i t i ~  
18 hrs: 
24 Ius: 
48 hrs: 
NIGROSCN STAINS 
PASTEURIZATION SURVIVAL, (85"C, 10 minutes) : positive. 
Sporangia: nofie, r& spindles, elliptical, ckzuate, drumstick. 
Endospores: swollen, not s w o h , .  
Shape: spherical, ellivs&l, cylindric& oval. 
size: average - 
Position: central to excentric, tenntnal, s u b t m i d .  
range - 
MOTILITY: age 
Flagella: 
OTHER STAINS: 
Acid fast: 
Capsule : PO sit i- . 
Glycogen: 
Crystalline dextrins: 
Fat globules: 
Metachromatic granules: 
SPORE STAINS: 
*only difference is casein hydrolysis. This isolant has m casein hydrolysis after 
31 days. 
11. CULTURAL CHARACTERISTICS 
(6) 
AGAR STROKE: age 
Amount of growth: abundant, moderate, scant. 
Form: aborescent, beaded, echinulate, &we, tliform* rhiz- 
oid, spreading. 
Consistency: adherent, brittle* butur-membranous, ?g& 
slimy, &, tough, viscid, waxy. 
AGAR COLONIES: age 13 
Macroscopic 
size: L m m .  
Shape: mmentous, i d  oval, puntiform, round. 
Elevation: beveled, convex, effuse, &, papillde, pulvin- 
Topography: contoured, rough, smooth. striated, wrinkled. 
Habit: compact, spreading. 
Margin: Ciliate, cleft, crenate, entire, erose, granular, 
Internal structure: amor how, dense, jilumentous, granu- 
ate, raised, rugose, umbonate. 
Microscopic ( 1 0 0 ~ )  
lobed, rhizoid, undulda 
lar (fine, coarsz-id, striated. 
Optical properties 
Appe&ance by reflected light: dull, fluorescent, a n -  
& iridescent, opalescent. 
Appearance by transmitted light: opaque, translucent, 
tramparent. 
Medium: blackened, blued, browned, grayed, greened, 
Chromogenesis: 
yellowed, unchanged. 
(medium) (color) (CHM No.) 
Trypticase soy agar Ci.nmmOn 3le 
Potato slant 
NUTRIENT BROTH: age 
Amount of growth: abundant, moderate, scant. 
Surface growth: none, flocculent, membranous, pellicle, ring. 
Subsurface growth: none, granular, turbid. 
Sediment: none, compact, fluky, flocculent, granular, viscid. 
Odor: resembling - 
GELATIN STAB: age 77. 
Liquefaction: none, crateriform, infundibulifm, napiform, 
saccate, H m .  
Rate: fast, moderate, slow. 
OTHER GROWTH CHARACTERISTICS: 
soybean infusion agar:Ho gmrJ.th. 
Fat agar: MQ W h .  
Glucosenitrate agar: blo growth. 12 &. 
60 
111. PHYSIOLOGICAL CHARACTERISTICS 
RELATIONSHIP TO Os: e, anaerobic, facultative, micro- 
CATALASE: positive, negative. 
aerophilic. 
-
TEMPERATURE RELATIONSHIPS : age 17 
Growth at lO"C.+ 20°C. -b W C .  @VL!L, 
45"C.+. 55"C.I- P C . .  500C&# 
SOLE CARBON SOURCE: age 
Glucose: positive; negative. 
Sucrose j positive, negative. 
Xylose: positive, negative. 
NH4' AS SOLE NITROGEN SOURCE: positive, 
Citrate: positive, negative. 2 l . A k  
l !kAL nepative. - 
REDUCTIONS: 
Nitrate: NOZ-& NH,+- gas-, negatiue. 
Methylene blue: positive, negatiie. 
Selenite: positive, negative. 
-.%!&e 
Tellurite: positive, negative. U-da-0 - 
OXIDATIVE-FERMENTATIVE REACTIONS 
Glucose: a c i d ,  alkaline-, neutral, gas. o&c - 
Sucrose: a c i d ,  alkaline, neutral, gas. 
Lactose: acid, alkaline- neutral, gas. 
Xylose: acid, alkaline-, neutral, gas. 
Mannitol: acid- alkaline, neuttal, gas. 
---4 
HYDROLYSIS: 
Gelatin: positivel negatiue. slight. 14dada, 
Starch: positive, negative. 6. 
Urea: positive, negative. (m gmwth) L1. 
Salt: 2%--, negatice. * 1. 
7%-positioe, negative. 9 da. 
10%-positive, negative. 11 da. 
Casein: positive, negative. 
Fat: positive, negative. 
Cellulose: positive, negative. 
TOLERANCES: 
pH: acid , alkaline 
LITMUS MILK REACTIONS: 
Reaction: acid, alkaline, ne-1. 89. 
4 m .  Curd: acid, alkaline, &&, gas. 
~ 
Peptfonization: positive, negative. 89. 
slight g&h 013 nutrient agar; BO pwbh Reduction: positive, negative. 89. 
OTHER REACTIONS: - on glueem-nutrient agar. 
HzS from : positive, 
NHa+ from peptone: positioe, negative. 
-8naemb3.C ditmte broths 110 gas. 12 da. negative. 
DNA Acetylmethylcarbinol : positive, negative. G u a m  
G:C Indol: positive, negative. -. 
G+C moles 4; Methyl red: positive, negative. 
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PHOTOMTCROGRAPHS E NON-VIABLE ISOLANTS 
Nigrosin stains of original  cultures. 
b 
62 
26Oa (#26) 
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